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1. SUPPORTING REPORT ON
PLANNIRG CONDITION

General

The flood forecasting system in the Chao Phraya River Basin
aims to mitigate flood damage by controlling flood at the
selected target area through the effective operation of river
structures, execution of flood fighting works, and so on. For
this purpose, the future flood discharge and water stage at
the target.area are required to be predicted precisely at the
flood predictidn time, and the flood préﬂiction results have
to be disseminated to the agencies responsible for the
operation of flood control structures or the execution of

flood fighting works.

Tﬁis sector of the supporting .report presents the existing
conditibﬁs.reiated to“the flood forecasting system, aund also
the study results on the general conditions for the
establishment of .tﬁe flood forecasting system such as the
selection of the target area, the required flood prediction
time, the agencies to disseminate the flood prediction, and

others.
Existing Conditions Related to the Flood Forecasting System
Inundation and Flood Damage

The inundation areas in the whole Chao Phraya River Basin are

'shown in Fig. 1-1., ~The major flood damages along the Chao

Phraya River are caused by the flood discharge from the river
and its -main’ tributaries during the rainy reason. Flood
damage in certain areas is caused by local heavy rainfall

inundation.

The collected data indicate that flood inundation occurred
both in the upper and the lower reaches from Nakhon Sawan. In

the upper reaches, flood inundation can be seen in the
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following areas; while, flood inundation in the lower reaches,
which is further discussed hereafter, is widely seen along the

Chao Phraya River, especially in the area near Ayutthaya.

(1) Wang River Basin: The area along the Wang River near

the confluence with the Ping River

{(2) Yom River Basin: The lower reaches of the Yom River
from Sukhotai to the confluence with

the Nan River

(3) Nan River Basin: The area along several tributaries of

the Nan River

The number of residents that received aid from the rescue fund
for flood damage of the Social Welfare Department for the
period from 1976 to 1985 and the damaged irrigation area are
presented in Tables 1-1 and 1—2; resﬁectiveiy. According to
these tables, the ﬁumber of regidents and the damaged érea in
the upper reacﬁes from Nakhon Sawan amount to 401,000 people
and 33,000 ha, while tﬁose in the lower reaches are 1,542,000
people and 171,000 ha, respectively. It is presumed that
flood damage is more serious in the lower reaches from Nakhon
Sawan; hence, flood damage mitigation in the lower reaches is

emphasized in this flood forecasting system.

Flooding Condition in the Lower Reaches from Nakhon Sawan

Among the recently recorded floods, those that occurred in
1975, 1978, 1980 and 1983 had inflicted severe damage to.the
downstream areas. For the purpose of identifying the target
area for this flood forecasting system, the flooding
conditions in the lower reaches from Nakhon Sawan are herein

further described.



(1

(2)

1975 Flood

The flood in 1975 that had the discharge of 4,400 m3/g
and 3,900 m3/s at the water gauging stations of Nakhon
Sawan and Chai Nat, respectively, overtopped at several
peints along the river course between Chai Nat and
Ayutthaya, as shown in Fig. 1-2, Although the
inundation area was not clarified, the flood brought
about inundation to the agricultural land on the right
bank side of the lower reaches from Ang Thong along Chao

Phraya River, and also to the areas in and around the

- cities of Ang Thong and Ayutthaya. Paddy, livestock and

some facilities were damaged, and in Bangkok Metropolis,

flood damage amounted to 1,100 million bahts. (Refer to

. Table 1-3.)

1978 Flood

The flood discharges observed at Nakhon Sawan and Chai
Nat  stations .were 3,500 m3/s and 3,700 m3/s,
respectively, while that at Ang Thong Station in the

lower reaches of Chai Nat marked. 2,800 m3/s. From these

_observed data, it is believed that f£lood discharge

. overtopped the bank between Chai Nat and Ang Thong, as

verified from the inundation map in Fig. 1-3(1/3) and

the overtopping location map in Fig. 1-2.

The fiood démage &ata show that inundation occurred in
the agricultural area between Sing Buri and Ayutthaya
and zlso in the Ayutthaya urban area. The maximum flood
discharge . in the basin of Pasak River, a tributary of
the Chao Phraya River, was 3,200 w3/s, which was almost
équal.to that . in the Chao Phraya River Basin. Flood
damageuto‘thg agricultural area along the Pasak River
was reported, and flood damage caused by local rainfall

has also been’ detected, especially in the area along the

Chai Nat-Pasak Irrigation Canal and Lop Buri River. In

Bangkok Metropolis, flood damage has been reported as

‘that of an average flood.
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(3)

(4}

1980 Flood

In this flood, damage occurred in several places in the
lower reaches due to the inundation by local rainfall
and the flood discharge from the main channel which had
inflicted a more severe damage. The flood discharge of
4,400 m3/s and 3,700 w3/s observed at Nakhon Sawan and
Chai Nat, respectively, inundated both sides of the Chao
Phraya river course between Chai Nat and Ayutthaya,
inflicting tremendous damage to the agricultural area
(refer to Fig. 1-3{(2/3). Also, several cities along the
main river course such as Nakhon Sawan, Chai Nat, Sing
Buri, Ang Thong and Ayutthaya"were exposed 'to the
flooding water from the river channel, In the Bangkok
Metropolis, flood damage was reported at 450 million

bahts.
1983 Flood

The peak discharge of 2,300 m3/s in the upper reaches
from Nakhon Sawan during the flood in 1983.was not so
large compared with the previous three floods. However,
in the lower reaches the peak discharge surged to
3,300 m3/s at Chai Nat and 3,700 m3/s at Ang Thong. The
flood which overtopped at several points also brought
inundation to the area along the river course between
Chai Nat and Ayutthaya, as wellhas other cities such

as'Ang Thdng, Lop Buri, and Ayﬁtthaya.

In Bangkok Metropolis, flood damage during the -year
amounted to 6,500 million bahts, due to multiple causes
such as flood discharge from the Chdo Phraya River, high
tide, local rainfall and inflow discharge from the outér

4area.

In Ang Thong City, about 6,100 houses and 200 office
buildings, temples and schools were damagéd, amounting
to about 6 million bahts. Inundation caused by local
rainfall also occurred in the lower reachés near Bangkok

Metropolis, as shown in Fig. 1“3(3/3);



2.2

The road network along the Chao Phraya River was also reported
to have been habitually damaged in the lower reaches, but not
in the upper reaches, as shown in Fig. 1-4. The railway has

not suffered from auy flood for the past 10 years.
Related Ongoing Projects

Studies on several projects have been previously undertaken.
The following projects in the Chao Phraya River Basin are

specifically related to this Study.

Flood Control Projects

In the field of flood control, most projects in the area were
proposed for flood damage mitigation in Bangkok and in

adjacent areas. These projects are the following:

(1) Bangkok Flood Control and Drainage Project (City Core)

This project aims to provide a flood control system
consisting of embankments, drainage canal with pumps,
control gate, etec., for the target area which covers
89 km2 in the city core of Bangkok Metropolis. The
feasibility study for this project was undertaken ia
1984 by the Department of Drainage and Séwerage (DDS) of
BMA, and the study shows a financial investmeunt of about
3,000 wmillion bahts in the constant price of 1983, with
_the IRR expected tc be more than 30%. MBA is planning

to proceed with the project.

(2) Flood Protection and Drainage Project in Eastern

Suburban Bangkok

As in the flood control and drainage project in the city
core aréa, this project aims to provide a flood control
system fbr Eastern Suburban Bang#ok. For this puarpose,
several studies ‘“have been conducted such as the
Preliminary Sfudy in 1984 that cdvefed the area of
501 km2, and ‘the Master Plan ' Study in’ 1985 and
Feasibility Study in 1986 that covered the area of
260 km2,

[
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(5)

(6)

For the implementation of the project in the F/S study
area, the required cost was estimated at 2,700 million

bahts in the price of 1985 and the IRR was 20%.
Greenbelt Project

This project was planned to prevent the inflow of flood
discharge to Bangkok from the adjoining paddy fields in
the eastern and the northern areas, and to drain the
discharge into the Gulf of Thailand. The master plan
for this project was worked out in 1981 after the
serious flooding in 1980, and part of the project
jnvolved the construction in 1984 of embankments of
about 76 km in length, as well as gates, as the urgent

flood control measures formulated in 1983.
Urgent Flood Control Measures Against the 1983 Flood

Due to the severe damage caused by the 1983 flood, flood
protection works for the Bangkok Metropolis has been
urgently executed by the construction of embankment,
improvement of drainage canal, provision of drainage
pump, and so on. This project was completed in 1984 at

the cost of 1,000 million bahts.
Samut Prakan Seawall Project (Study in 1984)

The purpose of this project is to prevent inflow from
the outer area to the coastal plain of Samut Prakan by
providing a dike along the Chao Phraya River, the. Gulf

of Thailand, and the Greenbelt areé.

Alternative Flood Control Scheme Proposed by AIT (Study
in 1985) -

This project aims to lower the water level . énd' to
shorten the period of flooding of the Chao Phraya River
through the construction of a bypass channel eastward of

the Chao Phraya River.
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(7)

(8)

Flood Protection of Bangkok, Chao Phraya 2 (F/S in 1986)

The purpose of this project 1is o protect Bangkok
Metropolis and its vicinity against pealt flows of the
Chao Phraya River, tidal influence, etec. The
construction of structures was proposed, namely, (1) one
diversion channel with the flow capacity of 2,000 wm3/s,
(2) control structure for the diversion of flood
discharge or sea barrier structure, and (3) drainage

pump with the drainage c¢apacity of 1,600 m3/s. The

- total construction cost was estimated at 19,500 million

bahts, while the economic internal rate of return as

direct benefits was.expected to be 307%.

Flood Control Project for Flood Protection and Drainage

Operation in Bangkok and Its Vicinity (Under Study)

The purpose of this project is to provide a flood
control center, together with a telemetering and
monotoring system, for the smooth operatiom of flood

control facilities.

Aside from the above, project offices of RID are comstructing

embankménts. along the Chao Phraya River to protect the

.agricultural area from flood.

Data Management System

In the field of data management system, the following projects

are significant.

(1)

Irrigation Engineering Center Project (Under Study)

The purpose of this project is to supplement the present

water management system established by RID in 1982 and

" to provide facilities for data monitoring and a

management system for the smooth utilization of water

.resources - in- the basin. For ' the purpose, RID is

planning to introduce new data management facilities.
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2.3

(2) Water Management System and Monitoring Project in the

Chao Phraya River Basin (Under Study)

The study aims to formulate a master plan for the
efficient and proper management of water resources by
evaluating potential water resources and dependable
water availability for agricultural development. Tt
also aims to rationaiize water use among existing
projects in the same basin with consideration on the

scope of future agricultural development in the regiom.
Flood Forecasting Practice

There are two agencies conducting flood forecasting in the

Chao Phraya River basin, namely, MD and EGAT.

Mb

MD has been studying the approﬁriate flood prediction model
for three basins, namely, the upper reaches of Nan River
Basin, the upper reaches of Pasak River Basin and the Prachan
Buri River Basin. The flood prediction resulis for the upper
reaches of Pasak River Basin which shows well coincidence
between the predicted value and the observed onme have been
published recently in the weekly weather répoft, including

weather condition forecast for the succéeding week.
EGAT

EGAT has been conducting £flood forecasting on the whole Chao
Phraya River Basin since 1979 for use in dam operation. Flood
information has been transmitted to RID and other concerned
agencies in the form of weekly reports to provide information

for their flood fighting activities.

In the flood forecasting system of EGAT, future water sﬁagé is
predicted seven days in advance at the Memorial Bridge Point
in Bangkok, together with the inflow volume to the Bhumibol
and the Sirikit..dams  and the Vdischarge- at MNakhon Sawan
Station, The flood prediction wmodel wused in- this f£flood

forecasting system is based on that developed by AIT in 1978.
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3.1.1

Study on Gonditions for the Establishment of the Flood

Forecasting System
Selection of Target Area and Flood Prediction Point

Target Area

~ The target area is defined as the area where a fiood

forecasting system is required to help mitigate flood damage
as much as possible through flood fighting works. Since the
flood damage condition in the lower reaches of Nakhon Sawan
has been more serious than in the upper reaches, as mentioned

in the preceding sectiom, the objective area for the selection

of the target area was firstly narrowed down to the lower

reaches from Nakhon Sawan, and following couditions were taken

account:

(1) Areéas suffering from damage caused by flood from the
Chao Phraya River and its main tributaries, since the
damage is generally more serious than that caused by

local rainfall inundation.

(2) Urbanized and populated areas where serious damage by
inuundation due to flood discharge from the Chao Phraya
River; is highly expected. These include agricultural

areas that are habitually suffering from flood damage.

Judging from the previous flood inundation map and the flood
damage information gathered from interviews with provincial

offices, the following areas were eventually selected as

‘target areas (refer to Fig. 1-5).

';(1) ;:Bangkok;ﬂetropolis and urban areas in Nakhon Sawan, Chai

Nat, Sing Buri, Lop Buri, Ang Thong and Ayutthaya; and

(2) Agricqltural area along the Chao Phraya River between
Ang Thong and Ayutthaya, and along the Pasak River
between Ayutthaya and the Rama VI Dam.

Among these areas, top priofity for the establishment of a

flood forecasting system is given to Bangkok Metropolis in



3.1.2

view of the following reasons. The next priority is given
equally to all the other target areas, so that the flood
forecasting system can be established at the same time as much

as possible.

(1) Bangkok Metropolis with a large population of about 30%
of the whole basin population (Refer to Table 1-4.) is
literally the core of the nation's various activities.,
It is also very vulnerable to flood damage, as shown in
Table 1-3.

(2) Flood damage potential in Bangkok Metropolis is
increased as the river embankment along the Chao Phraya
river course is developed, because flood discharge tends

to increase more than ever; and,

(3) TFlood prevention effects can be maximized in this area
through the prediction of the water stage of the Chao

Phraya River,
Flood Prediction Point

At several points, flood discharges and/or water stages will
be predicted to enable carrying out of fhe_necessary actions
for flood damage prevention in the tafgét'aréa. Thus, the
flood prediction points were selected where the flooding

condition on the target area can be well defined.

In principle, one flood prediction point has been selected for
each target area. However, three (3) floo&'prediétion points
were selected for the Bangkok'Metrépolis; since this target
area covers a wide stretch ihfluenced.by the tidal fluctuation
along the Chao Phraya River. The maximum water.étage.along
the wide stretch may occur at differeant times with different

heights depending upon the points observed.



The following points at which the water stage has been

observed by existing gauging stations were selected. (Refer

to Fig. .2-5.)

Bangkok Memorial Bridge,

(1) Banpkok Metropolis
RID Samsen, and
Pakred Statiom
(2) Ayutthaya Confluence point of Chao
Phraya River and Pasak
River
(3) Agricultural area in Ang Thong Station
the upper reaches from
Ayutthaya along the
Chao Phraya River
and Ang Thong
{(4) Agricultural area along Rama VI Barrage
thé Pasak River near
Ayutthaya
(5)  Ang Thong - :  Ang Theng Station
{6} Sing Buri Sing Buri Station
(7}  Lop Buri Lop Buri Station
(8) Chai Nat Chai Nat Station
(9) Nakhon Sawan Nakhon Sawan Station

Flood:Predigtion_Time

In this study, floodrprédiction time is defined as the periaod
from which hydrological data is observed up to the time the
£lood ﬂischargé is predicted (refer to.Fig. 1-6.). The flood
"prediétibﬁ time for:thé flood forecasting system is studied in

two cases éébordiﬁg to objective, as follows:
(1) Short Term Flood Prediction Time

A shorter flood prediction time is considered for urgent

flood protection works in the target area.
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(2) Long Term Flood Prediction Time

A longer flood prediction time is applied in case of
integrated flood protection works to effectively operate

the water control river structures in the basin.
Short Term Flood Prediction Time

Activities During Flood Prediction Time

During the flood predictions, the following items of work are

performed mainly after hydrological observation:

(1) Data collecting, processing, filing and calculation for

floed prediction.

(2) Dissemination of flood prediction results to agencies

concerned,
(3)  Deliberation on the necessary countermeasures,

(4) Dissemination of the necessary countermeasures to

agencies involved.
(5)  Execution of the necessary countermeasures.

Among the above items of work, the recessary time for
execution of items (1) and (2) will change according to the
type and kind of system employed, while that of items (3), (4)
and (5) which belong to the works for the flood warning and
flood fighting is basically unchangeable even in the
introdﬁction of a new system. In case all these works are
performed by one agency; item (2) is ﬁot involved in the flood
prediction time. In this counection, the short term flood
prediction time is studied in two céées, Step 1 and Step 2, on
the basis of the necessary flood. prediction time presumed

under the present activities of the agencies concerned.



Hecessary Time Presumed Under the Present Activities

To estimate the necegsary flood prediction time, the actual

‘procedures taken by the agencies concerned were studied.

‘Among the apgencies involved in flood forecasting and £lood

protection works, the following undertake the above items of

work according to the time allotted by them for the purpose.

(1

RID

RID executes most of the aforementicned items of work in
the Chao Phraya River Basin, excluding the prediction of
flood discharge. Although the time spent in these works
can hardly be fixed,-the minimum time required for each
activity has been presumed through the interview survey
as follows, with one day assumed as 10 hours from

8:00 a.m. to 6:00 p.m.

(a) Data Collection, Processing
and Filing : 2.0 days

(b) Dissémination of Flood
.. Prediction Results to _
Agencies Concerned : 0.0

(c) Deliberation on the
Necessary Countermeasures : 0.3 days

(d) Dissemination of the
~ Instructions on the
Necessary. Countermeasures
to Internal Agencies of RID : 0.2 days

(e} Execution of the Necessary
Countermeasures i 2.0 days

.'Total : 4.5 days

"The countermeasures taken by RID include putting sand
‘bags on the river banks, operating regulators and

'choking up of open channels without regulator..



(2) BMA

BMA conducts most of the aforementioned activities for
the 3angkok Metropolis, excluding the prediction of the
flood. discharge. Since the area covered by BMA is not
so large compared with that of RID, all of the works can
be performed in a relatively shorter time of one or two
days, although the necessary time for each activity 1is

not clear.

The countermeasures taken by BMA include operating
drainage pumps and regulators on the drainage channel
and putting sand bags on the banks of the Chao Phraya

River.
(3)  EGAT

EGAT's participation ih flood forecaétihg is through the
pgocessing and filing of hydrological data, caleculating
flood prediction and disseﬁinating results to the
agencles concerned. 8ince EGAT obtains some of the
hydrological data from RID, the necessary time for data
collection is related to that of RiD. Therefore, 2.5
days are required for data collection and transmissien,
processing and filing, including the 0.5 day for flood
prediction. The dissemination of flﬁod prediction
results to agencies  concerned including report
preparation is 1.5 days, s¢ that the total time spent

for the above activities is 4.0 days.

Judging from the activities of cthe above_ageqcies, those of
RIP seem to be more adaptable to the estimation of the
necessary prediction time, even if flood discharge prediction
and its dissemination to the agencies concerned is not
included. The necessary flood prediction time is estimated on

the following assumptions:



(1) The necessary time for calculation of the flood
prediction is 0.5 days, judging from the activities of
"EGAT; and

(2)  The necéssary time for the dissemination of flood
prediction results to agencies concerned is 0.5 days,
which is estimated in terms of delivery of the results
manually, because the TOT line is not expected to be

available during flood time.

Based on the above assumptions, the necessary flood prediction
time presumed under the present activities is 5.5 days,

summarized as follows and shown in detail in Table 1-5.

(1) Data Collection, Processing,
<+ Filimg and Calculation of Flood
Prediction _ : 2.5 days

(2) . Dissemination of Flood Prediction
Results to Agencies Concerned : 0.5 day

(3) Deliberation on the Necessary
Countermeasures : 0.3 day

(4)  Dissemination of the Instructions

on Countermeasures v 0.2 day
(5) Execution of the Gountermeasures ¢ 2.0 days

Total i 5.5 days

Minimum Flood Prediction Time Required For Step 1 System

The Step 1 Flood Forecasting System 1is formulated on the basis
of the existing facilities.  Therefore, the minimum flood
prediction time required for items (1) and (2) will not be

shortened remarkably in the Step 1 system; as explained below,

(1) Data Collection, Processing, Filing and Calculation of

Flood Prediction

The necessary time for data collection from some

stations can be shortened through the installation of
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(2)

additional telecommunication facilities. However, the
present data collection process for the other stations
is applied to Step 1, so that the necessary time for
data collection cannot be remarkably shortened. Also,
the necessary time for manual operation of data
processing, filing and célculatibn‘of flood brediction

is not expected to be shortenad.

Dissemination of Flocd Prediction Results to Agencies

Concerned

The necessary time of this work, which is currently
presumed at 0.5 day including preparation of the
documents, will be shortened through the introduction of
telecommunigation facilities for dissemination. Here,
the time of 0.3 day necessary for preparation of
document aﬁd dissemination by the telecommunication
facilities is applied to the estimation of flood

prediction time.

Correspondingly, the minimum flood prediction time required

for the Step 1 system is estimated as follows:

(1
(2)
(3)

(4)

(5)

Data GCollection, Processing,
Filing and Calculation of Flood.
Prediction : 2.5 days

Dissemination of Flood Prediction
Results to Agencies Concerned : 0.3 day

Deliberation on the Necessary o
Countermeasures : 0.3 day

Dissemination of the Instructioms
on Countermeasures ;. 0.2 day

Execution of the Countermeasures

e

2.0 days

Total : 5.3 days



Minimum Flood Prediction Time Required For Step 2 System

‘The Step 2 flood forecasting system is formulated on the basis
of updated-facilities, i.e., online telemetering system. It
is, therefore, expected that the minimum flood prediction time
required is shortened remarkably for items (1) and (2), as

follows;

(1) Data Collection, Processing, Filing and Calculation of

Flood Prediction

The necessary time for collecting, processing, filing
. and calculating flood prediction, which is presently
estimated at 2,5 days, can be shortened to 0.2 days with
the introdﬁétion of the online telemetering system.
This system will enable real-time data collection,
processing, filing and calculation of flood prediction.
Only a supplemental operation manual for data check,

data input, etc., may be needed from time to time.
(2) Dissemination of Flood Prediction to Agencies Concerned

Since the flood prediction results are easily
disseminated by the use of a facsimile equipment, the

necessary time for this work may be 0.2 days.

From. the above'tbnsideration, the necessary flood prediction
time for the Step 2 system is estimated at 2.9 days, as

follows:

(1) Data Collection, Processing,
Filing &nd Calculation of Flood
Pred1ct10n , 0.2 day

(2). - Dissemination of Flood Prediction - , :
Results to Agencies Concerned : 0.2 day

"(3) " Deliberation on the Necessary :
Countermeasures .t 0.3 day

(4) Dissemination of the Instrurtions _
- ‘on Countermeasures ' ¢ 0.2 day
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(5) Execution of the Countermeasures : 2.0 days

Total 't 2.9 days

Comparison of Flood Prediction Time Between Step 1 and Step 2

Generally, the reliability of prediction results tends to
decrease in proportion to the length of flood prediction time,
although the reliability is hardly evaluated in quantitative
terms. The minimum flood prediction time required for the
Step 2 system cain be shortened to 2.9 days frdm the 5.3 days
needed for the Step ! system which is almost double of that .
for Step.z. In the case of the Step 2 system, flood fighting
works can be executed on the basis of the more precisely
predicted data, so that more appropriate measures can be

taken.
Long Term Flood Prediction Time

Flood prediction is based on the observed hydrolegical data,
sometimes using additionally the estimated future rainfall to
make the prediction period longer. A longer term of flood
prediction enables a more effective operatidn of the flood
control structures because flood protection activities can be
undertaken much in adyance of the flood ocourrence., ~However,
this also involives a-question of prediction reliabiliiy, i.e.,
accuracy becomes lower in proportion fo -the“ length  of

prediction time.

Long term flood prediction is also made up to the allowable
extent by using only the observed raiﬁfali éatarto maintain
accuracy. The period of prediction may correspond “to the
flood lag time consisting of the concentration of intensive
daily rainfall and traveling time of the peak_floodudiSCharge

to the target area.

The flood runoff of Chao Phraya River is éubjeéﬁ to the
characteristics of that of the Pihg River "where peak

discharges of intensive daily rainfall abruptly appear and are
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3.3

directly propagated to HNakhon Sawan. Hence, 1t may be
impossible to predict floods covering a long period with an

allowable accuracy by means of estimating the future rainfall,
Time Interval to Update Flood Prediction Results

Flood prediction results, especially short term flood

_prediction results which are immediately disseminated to the

agencies concerned in flood fighting works, shall be updated
by the collection of newly observed data to cope with the

abrupt change in flood water stage. Thus, it is necessary to

" set the time interval for the updating of flood prediction

results, in comnsideration of the flooding condition in the

target "area and the possible time interval for data

‘coliection.

Time Interval Based on Flood Condition

Flood condition in the target area dlffers between the upper
and the lower reaches from Bang Sai. The time interval for

updatlng of flood predlctlon results can be set as follows:
(1) Upper Reaches from Bang Sai

The flood water stage in this stretch continuously rises
for one week or more when there is heavy rainfall in the
upper basin. According to the observed data of the
1978, ‘1980 and 1983 floods, 1im case of " the flood
discharge of more than 2,000 m3/s the maximum daily
change of the Flood water stage at Nakhon Sawan, Chai
Nat and Ang Thong is between 0.05 m and 0. 47 m, as shown
in Table 1—6. Although it is very dlfflcult to define
the abrupt.change with the definitive flood water stage
rise, this should be set from the aspect of flood

fighting works.

In the forego1ng case, the ‘water stage of 15 cm, which
nearly corresponds to the thlckness of omne layer of

sandbag or concreta block plled .up on the bank to
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prevent overtopping water, is applied to the abrupt
change, assuming that the water stage of 15 cm is within
the possible extent to be coped with through ome time
. flood fighting works. In this connection, the time
interval to update the flood prediction results will
come to & hours, i.e., four times a day, which is
derived by dividing the maximum daily water stage change

of 47 cm by the said 15 cm.
(2) Lower Reaches from Bang Sai

Since the lower reaches from Bang Sai is affected by
tidal fluctuation, the change of water stage in the
stretch sometimes comes to 10 em or more even on the
hourly basis. However, since the peak tidal stage in
this stretch emerges periodically, it is poésible to
know the time of occurrence of the peak water stage in
advance. Moreover, the peak water stage can be
predicted by wusing the =newly observed data, so that
appropriate flood fighting works can be taken to cope
with the predicted water stage. For.the execution of
flood fighting works, it is sufficient to update the
flood prediction results in agccordance with the time
interval of the peak tidal stage of approx. 10 to l4

hours.

Possible Time Interval For Data Collection

It is desirable to collect the‘data'withinlfﬁg same time frame
as the updating of flood prediction resuits,' However, the
possible time interval for data collectibn 1depends on the
method of data collection which differs betweeﬁ the Step ! and

the Step 2 systems.

In the Step ! system, it is proposed that data collection is
performed once a day by manual operation on the basis of the
currently used system, while it is basgd on the telemetering
system in Step 2 wﬁere the data can be coilected on real time

with no time interval. 1In this connection, the possible time
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3.4

" Bangkok MetTopolis

interval for data collection is one day in the Step 1 system,

while any time interval can be applied in the Step 2 system,

‘Under the above situations, the time intervals to update the

flood prediction results are set -at one day for the Step 1
system, and six hours for the upper reaches from Bang Sai and
ten hours for the lower reaches from Bang Sai for the Step 2
system; To unifdrmly operate the flood forecasting system for
all the target areas, it is recommended to adopt the six hours
time interval for both the upper reaches and the lower reaches

for convenience.
Agencies to Disseminate the Flood Prediction Results

One of the main purpoées of the flood forecasting system is to

- provide the appropriate flood information to serve as basic

data for the execution of the urgent flood protection works at
the target area and for the operation of the water control

facilities tb_fegulate the flood discharge. Therefore, it is

necessary to discuss the Flood information consisting of the

observed hydrclogical data and the flood prédiction'result to
the agencies responsible for the execution of flood protection

works and the operation of water control structures.

Agencies Responsible for Flood Protection Works

The target area includes the major urban area along the river
course, namely, Bangkék, Ayutfhéya, Ang Théng, Sing Buri, Lop
Buri, Chai Nat and Nakhon Sawan, and also the agricultural

area in the upper reaches from Ayutthaya along the Chao Phraya

River and along the Pasak River. The agencies reéponsible for

flood protection works at these areas were identified from

their functions, as follows:

" Bangkok Metropolitan

Administration
Ayutfhaja; Ang Thong, : Local Administration Department
:8ing Buri; Lop Buri; (LAD) of MI and Provincial
Chai Nat, Nakhon Sawan Office '

1-21



3.5

3.5.1

Agricultural Area : RID

As for the protection works at Ayutthaya, Ang Thong, etc., the
instructiéns for protection works are basically given by LAD

of MI to each provincial office.

Agencies Responsible for Operation of Water Control Structures

There exist many water control structurés in the Chao Phraya
River Basin and those involved in flood control are the
Bhumibol Dam, the Sirikit Dam, the Chai Nat Dam, the Manorom
Regulator, the Maharaj Regulator, the Phonlatep Regulator, the
Borommathat Regulator and.the Réma_VI Barrage.  The agencies
responsible for the operation of these structures are EGAT for
the Bhumibol and Sirikit dams, -and RID for the Chai Nat Dam,

Rama VI Barrage and the other regulators.

Baéed on the above situations, the agencies to disseminate
flood information would be the Bangkok Metropolitan
Administration, the Civil Defence Diﬁisioq 6f MI, and the
EGAT., As for the dissemination to the pfovincial office, the
information is expected to be transmitted throﬁgh the Civil

Defence Division by its own communications network.
Phased Implementation
Necessity of Phased Implementation

Since the Step 1 system is formulated by using the existing
facilities to the maximum exteat, it may be possible to
establish this system in a short period of time. On the other
hand, the Step 2 system requires a newly installed

hydrological observation network covering the = area of

" 160,000 km2 with the provision of telehommunitation network.

Consequently, it is expected that the construction work volume
is so large that it may be difficult to accomplish the overall
work in.a short period of time. Therefore, it is essential to

set up the appropriate implementation'HSchedule"so as to
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promptly : produce " the desirable effects of the system in
accordance with the .progress' of construction works. In
comnection with the Step 2 system, it is proposed that the
overall flood forecasting system is divided into several
subsystems in accordance with the purpose and area to be

covered.
Priority of Each Subsystem

The total system can be divided into several subsystems from
the aspects of flood prediction time and target area, as

tabulated below:

Item Purpose

Flood Prediction Time a. Short term flood prediction

b. Long term flood prediction

Target Area a. Bangkok with top priority

b. The other target areas with
next priority

From the above table, higher priority is put on the short term
flood prediction, since the prediction results will be
effective for use om urgent flood fighting works which is
regarded as the primary purpose .of the flood forecasting
system. Needless to say, flood forecasting for Bangkok as the
top priority target area is proposed over those of qther
target areas and in this connection, it is proposed that the

subsystems are arranged according to the following order:
First Priority : Short term flood prediction for Bangkok

Second Priority : Short term flood prediction for the

other target areas

Third Priority : Long term flood prediction for Bangkok



Fourth Priority : Long term flood prediction for the other

target areas
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Table 1-1. ALLOCATIONS FROM THE SOCIAL WELFARE
RESCUE FUND (1976-1985)

Unit: x 103
: Number Amount
Basin Province of Persons Allocated
{Baht)
Chiang Mai 22 697
Lampang 7 77
Lamphun 53 226
) Phrea - i
Upper Reaches . Nan 73 831
from Nakhon Talk 5 424
Sawan Sukhothai 17 643
Phitsanulok 125 863
Uttaradit 7 359
Kamphaeng Phet 5 172
Phichit 28 533
Phetchaboon 59 1,089
Sub-Total 401 5,915
Nakhon Sawan 143 3,146
Uthaithani - 84 1,303
Chai NMNat 143 966
: Kanchanaburi . 52 1,634
Lower Reaches Suphan Buri 41 715
from Nakhon Sing Buri 229 575
Sawan ) Lop Buri © 21 1,189
Ang Thong 104 2,613
Saraburi 10 675
Ayutthaya 87 1,890
wgkhon Pathom 1 37
Nonthaburi 60 1,685
- Pathumthani 23 392
Samut Sakorn 3 53
Bangkok 96 963
Samut Prakarn 7 93
Rajchaburi 37 __ 2,690
Sub-Total 1,141 20,619
Total 1,542 26,534

Source: Dept. of Social Welfare
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Table 1=2. FLOOD DAMAGED TRRIGATION AREA

(Unit: ha)

Upper Reaches of Lower Reaches of
Year Nakhon Sawan Nakhon Sawan

(Regions 1, 2 & 3) (Regions 7 & 8)

1975 7,079 25,958
76 1,278 1,080
17 4,644 4,992
78 1,200 21,641
79 8,124 0
80 2,819 | 28,630
81 4,542 | 170
82 2,070 744
83 580 87,697
84 160 59
85 162 | 61
Total 32,658 171,032

Source: RID

1-26



Table 1=3.: FLOOD DAMAGE CONDITION IN BANGKOK

- Estimated Cost

gig:d Area ~ Investigated Item of Damage §2§§;§t:f
{(in miliion Baht) )
1975 Bangkok Direct damage, 1,100 Water
Flood indirect damage . Resources
and utility losses. Committee,
NESDB
1980 Central Direct damage, - 450 Burkhard
Flood . Bangkok indirect damage and.
Area flood prevention.
cost.
Normal - Central -Damage and losses to 800 . - NEDECO
Flood Bangkok households, small and
Between  Area large establishments,
1975 and institutions, public
1982 utilities, road users,
o tourism sector and
.environmental
conditions.
1983 Greater e : 6,597 National
Flood Bangkok R . Statistical

Area ‘ . Office
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Table 1-4.

POPULATION DENSITY BY PROVINCE

Ltem ’ Area‘of ngulation Popul&?ion
No Name of Province Province in 1984 Density
) (km?) (person) {person/km?)
Upper Reaches from Nakhon Sawan
1 Chiang Mai 20,107 1,252,241 62.3
2 Lampang 12,534 730,057 58.2
3 Lamphun 4,506 392,588 87.1
4 Phrea 6,539 471,101 72.0
5 Nan 11,472 410,484 35.8
6 Tak 16,407 311,767 19.0
7 Sukhothai 6,596 560,219 84.9
8 Phitsanulok 10,816 722,475 66.8
9 Uttaradit 7,839 437,853 55.9
10 Kamphaeung Phet 8,608 628,789 73.0
11 Phichit 4,531 558,236 123.2
Sub-Total 109,955 " 6,475,810 58.9
Lower Reaches from Nakhon Sawan
1 Nakhon Sawan 9,598 1,031,924 107.5
2 Phetchabun 12,668 893,940 70.6
3 Uthai Thani 6,730 280,184 41.6
4 Chai Nat 2,470 332,412 134.6
5 Kanchanaburi 19,483 607,171 31.2
6 Suphan Buri 5,358 751,875 140.3
7 Singburi 822 208,838 253.5
8 Lopburi 6,200 671,823 108.4
9 Angthong 968 466,195 481.6
10 Saraburi 3,576 469,064 131.2
11 Ayutthaya 2,557 637,845 249.,5
12 Nakhon Pathom 2,168 596,157 275.0
13 Nonthaburi 622 478,199 768.8
14 Pathom Thani 1,526 366,767 240.3
15 Samut Sakorn 872 301,631 345.9 .
i6 Bangkok 1,565 5,174,682 3,306.5
17 Samut Prakarn 1,004 640,316 637.8
18 Ratchaburi 5,196 675,148 129.9
Sub-Total 83,383 14,584,171 174.9
Total 193,383 21,059,984 108.9
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Table 1-5. WECESSARY TIME FOR FLOOD PROTECTION WORKS

Work Ttem

Necessary Time

1.

Data Collection, Processing, Filing and Calculation
(a) Data collection and transmission
— Recording of observation data
~ Communication from site Lo regional office
~ Communication from regional office
to the Head Office
=~ Delivery to the Data Processing Division

(b) Filing, Processing and Calculation

- 'Dbata punching
-~ Input data arrangement and computation

Dissemination of Flood Prediction to Agencies Concerned

(a) Preparation of dissemination documents
(b) Dissemination to agencies concerned

Deliberation on Necessary Countermeasures
(a) Sétting of meetings

(b) Confirmation of the present flooding condition
(¢) Prospect of the future condition

2.5 days

1.8

0‘7

0.5 days

o
.
(]

days

(d) Discussion and Decision on the necessary countermeasures

Dissemination of Necessary Countermeasures

(a) Preparation of the dissemination document
(b) Dissemination from Head Office to Branch Office

Execution of Flood Protection Works
{a) Preparation for Flood Protection Works

~ Arrangement of the flood information
~ BSite inspection

0.2 days

%]
.
=

days

|

o
.
e

- Confirmation of the'necessary flood protection works

~ Estimation of necessary manpower, materials
and equipment

{b) Mobilization for Fleood Protection Works

- Preparation of manpower, materials and equipment

- Transportation of manpower, materials and equipment

{¢) Execution of Flood Protection Works

-~ Execution of flood protection works

«~ Evacuation of assets

~ Confirmation of the security of the flood
protection works

1.5

'Total

5.5 days

1-29



. %T*L L1 12C . 6671 LT ID20 . £€*vT 12 120
£€°0 16°9 91 190 L7°0 2691 9T 100 710 61°%7 07 100 €881

) 61°1 v 190 . 92°ST % 130 . 08°¢T 7T 43S
¢1o 10°L ¢ 100 Ly*0 6/°%1 € 100 8270 7S°€z 1z aus 0861

) ey 8 100 ) 9c*¢1 T 100 . 62°€7 €7 ads
5070 60°L [ 100 5¢°0 12°%1 0 dds 0e-0 66°72 7 duS 8161

(w3 (m=) (=)

aoueze3yIq 92239 I33EM s1eQ 20UBIL)ITy oSelg I93EM 228g 20usI9733g 29835 I93EM a1eq

paaissqQ psazasqQ PoAIDSAQ eS8

(3uouy 3uy) v/o

(3BN TRPYD) £10

{uemeg uwOUYNMEN) 25

dOVLS 9EIVM 400714 0 TONVHD Ldaydy

“9~1 219BL

1-30



~ FIGURES






1
ghe

a\f\f\

N
/\) k

At \,3 )
> % ARVIRN VS
X 7

o~

{9°

I THE CHAD PHRAYA RIVER BASIN

o
: &
Q& @&
t? : éﬁ, ef;
Ry - .
! a; g /\ 18°
< 3 @ IRIKIT DA
1 b o @
3
- é&» _ / 9 \
4 BHUMIBAL E‘i\
\ DAM N PHITSANULOK Y 7@
_ N N DIVERSIOR WEIR. L1
£, \\ 4 ? 'l
[y /4, “\ )
(3 . W &
\ eﬁ'b \ ‘?’: (
% X peg:
] L) \\ H ,' 1
NI H
9§ :f
* - . - } 1y
. v i
T~} ) 16°
My I\ narliol sawan /
Y . 1
' i\
" \ |
A
LEGEND _ . !
—.— BASIN BOUNDARY 2
wmesm=  SUBBASIN BOUNDSRY . ]
——— 'RIVER i6°
GUIEEDD  MAJOR CITY
LAKE AKD RESERVOIR -
ww DAM .
mE  BARRAGE K agnﬂma
———  DIKE WMﬁ
=SS INUNDATION AREA
140 -
SCALE
[+ 50 oohm
QULF OF THAILAND
1 ) . ; o FLO_OD FORECASTING SYSTEM
Fig., 1-1.. INUNDATION AREA . IN WHOLE BASIN

JAPARN INTERMATIOMAL COOPERATION AGENCY

1=31



] i
100°00' 100°30"

— 15230
(© CHAI NAT
—15°00'
PASAK Aiveg
—i4°30’
LEGEND
O 1978 BANG SAl G
e : 1978
x 1280
O : |983

—14°00" SCALE
)

25km
B SN e
N
_ : : FLOOD FORECASTING SYSTEM
Fig. 1~2. OVERTOPPING POINTS OF IN THE CHAO PHRAYA AIVER BASIN
FLOOD DISCHARGE
JAPAN INTERMATIONAL COO}?ERATION AGEP\!G‘(

1-32



] - | -
~100°00" ) T
NAKHON sn“m:}§}<§iizjz;i; 160°30

-15°30"

by

5 maNoRoM

Vi

-15°00"

-14°30,

-14°00°

/
#5 BANGKOK

)

-13°30°

SULF OF THAILARD

, SCALE .
o
L TR TN

i
101°00°

a

LEGEND

€3> . INUNDATION AREA
{SERIOUS)

%. INUNDATION AREA
© {NOT SERIOUS)

£1 : REGULATOR WEIR

MR

Source: RID Reglonat
Of{icers 7and 8

Fig. 1-3(1/3). INUNDATION MAP (1978 FLOOD)

FLOOD FORECASTING SYSTEM
"IN THE CHAQ PHRAYA RIVER BASIN

_JAPAN INTERNATIONAL COOPERATION AGENCY.

1-33




bant ! P
522»933:¥gvé3:::}:ﬂ; 100" 30" 101°00"

-15°30"
-15°00"
-14°30"
-14°00"
o LEGEND
it . INUNDATION AREA
%Z/’/‘f‘//}é & BANGKOK = (SERIQUS)
zfggéi' - . INUNDATION AREA
/' o 2 3 @ INoT serionD)
: ' — O : REGULATOR WEIR
-13°30" A
GULF OF FHAILAND . ) ’
SCALE Source: RID Reglonal
Q 25km _ Officars 7and 8

FLOOD FORECASTING SYSTEM

Fig. 1-3(2/3). INUNDATION MAP (1980 FLOOD) IN THE CHAO PHRAYA RIVER BASIN

JAPAN INTERNATIONAL COOPERATION AG‘ENCY_

1-34



100°00" U T~
NAKHON SAWAN AL 100°30 101°00

~-15
MANOROM
P\, MANARAJ
cHaly
-15°00°
~14°30"
= 2 T
- 2 s AYUTTH
é‘ i A%Zu va
3
¢
&
-14°00"
LEGEND
e . INUNDATION AREA
== ' (SERIOUS)
% . INUNDATION AREA
- {NOT SERIOUS)
CREGULATOR WEIR
-13°30"

CULF GF TIHAILAXND

Source: RID Féoglonal
~Officers 7 and 8

SCALE
0 25km
-

) ) S 3 : oo FLOOD FORECASTING SYSTEM
“Fig. 1-3(3/3). -INUNDATION MAP (1983 PFLOOD) IN THE CHAO PHRAYA FUVER BASHN

JAPAN INTERNATIONAL COOPERATION AGENCY

1-35



! 101200

1 1 |
gy s0 100°00' 100720

- 18°00"

— 153* 00" \
oY
o \
* (3306)
p
3390), .
—ia*30' ;
Ao
O}
—14°00'
NAKHON'
LEGEND \ PATHOM
: ROAD

( ) :ROUTE NUMBER \
—X—¥— : ROAD DAMAGE PORTION

(
=330 goaLE
o 20k

BAMUT g
-] SONGRHRAM

GULF OF THAILAND

Source : Highway Department

‘ - FLOOD FORECASTING SYSTEM
Fig. 1l-4. ¥LOOD DAMAGED PORTIONS OF ROADS . IN THE CHAQ PHRAYA AIVER BASIN

JAPAN INTERMATIONAL GOOPERATION AGENGY

1-36



)
-15°30" )
J'.
Ry e
N7 HARA..'
--157G0"
1430
-14°00°
LEGEND

&p : TARGET AREA
¥  : FLOOD PREDICTION POINT

] : REGULATOR OR WEIR

~13°30'

SCALE
Q 25Hm
TN

SULF OF THAILAND

|
101°00!

\

¥ig. 1-5, TARGET AREA AND FLOOD
) PREDICTION POINTS

FLOOD FORECASTING SYSTEM
"IN THE CHAO PHAAYA RIVER BASIN .

JAPAN INTERMATICHAL COOPERATION AGENCY

1-37




HAIL NOILIDIGZdd Q0014

JINSTE HOIIDIQEId
J0 NOLLYNIWESSICQ

STINSYIH NOISIDE] NOLIVINDTIVD NV
SHEOM NOILDHICHd —d4LN0D 30 . aNY ONITIII “ONISSHIOEd
Q00714 J0 NOILMDEXJ NOILVNIWASSIQ) NOISSADSIQ ‘NOIIDETION VIVA
i 1 T T
AVd

LINSHY TELDIQEYL

/\\\\\o\\\

\kv\\ VIV

TVOID0TOUALH 40
JHIL NOLLVANESEO

M

3010

4
INESHEd

18vd

BOVLS
YELVM 30
ZOYVHDSIQ

FLOOD FORECASTING SYSTEM
IN THE CHAO PHRAYA RIVER BASIN

JAPAN INTERNATIONAL COOPERATION AGENGY

'FLOOD PREDICTION TIME

1-6.

Fig.

1-38



2. HYDROLOGY






SUPPORTING REPORT
ON
HYDROLOGY

TABLE OF CONTENTS

Meteohydrological Condition in the Basin b erraanes

Existing Hydrological Observation Network N

-2.1

Rainfall Observation farsossernen

L R R N

2.2 Water Stage and Discharge Observation craracerns

Flood Runoff Characteristics vestsoroa

3.1 TFlood Runoff Characteristics in the

Upper

Reaches P s erseserrrarsen ke

3.2 Flood Runcff Characteristics in the

Lower

Reaches seesrarorarrresetses

Flood Prediction Model casesrreasesees

1!'!1

L I B A I Y

LI B I R N R SR N 'Y

The Tlood Prediction Model as a Whole earecren e

4.2 Basin Runoff Prediction Model .o

4.3

4.4

4.2.1

4.2.2
4.2.3

River

4.3.1

Theoretical Concepts and
Governing Equations seeeee
Features of the Model veaos
Verification of the Model

Channel Routing Model  .....

Traveling Time of Channel
Flow Discharge reahreiesan

Relationship of Channel Flow

sasosrarrnosese

P N N N R R A
L A N L RN A}

R A N R A ]

L R IEA I

Discharge Before and After Overbanking ...

Plain Routing Model ceeraes

Theoretical Concepts and
Governing Equations ceanoa
Configuration of the Model

Features of the Model  ....
Verification of the Model

L N A N Y

ar s Er P RAEE L e N
L N N N I RN}

LR R N R R ]

“ s s s ss0etses

Page

2-2
2-2
2-3

2-4

2-5

2-16

2-16
2-18
2-19
2-20



4.5 Unsteady Flow Prediction Model threresorsesranaae 2~21
4.5.]1 Theoretical Concepts and
Governing Equations crsetserrrronnatiseans 2-21
4.5.2 Verification of the Model reserrsasnarane 2-23
Step 1 Hydrological Gauging System  sseseesrrscersvons 2-26
5.1 Selection of Water Level Gauging Stations sasnan 2-27
5.2 Selection of Rainfall Gauging Stations craennens 2-28
5.3 Manner of Flood Prediction setsarrastceananaasan 2-29
5.3.1 Prediction of Daily Average Water
Level and Discharge sesssreasenessasaanne 2-29
5.3.2 Prediction of Hourly Average
Water Level P 2-30
5.4 Effectiveness of Flood Prediction cesssseenrrana 2-31
5.4.1 Accuracy of Daily Average Discharge
Prediction in the Upper Reaches
from Bang Sai  c.esesiesnsiriarasaacrnanes 2-31
5.4.2 Accuracy of Hourly Average Water
" Level Prediction for Tidal Compartment ... . 2~-32
5.4.3 Expected Flood Lag Time Charrhasiseiraaes 2-33
5.4.4 Applicability of the Proposed System  .... 2-34
Step 2 Hydrological Gauging SysStem  ecesseesvaossranses 2-34
6.1 Objectives of Gauging theessesrrietsaterrarrrae 2-35
6.1.1 Objectives of Rainfall Gauge  «.avsenncsen 2-35
6.1.2 Objectives of Water Level Gauge cesesaans 2-36
6.2 Gauging Measure casene Cernarsaniraeneraseser et " 2-36
6.2.1 Rainfall Gauge Measure e reeieerrean 2-36
6.2.2 Water Level Gauge MeasSure ...iseeeccsssos 2-38
6.3 Location and Number of Gauging Station crarreans 2-38
6.3.1 Rainfall Gauging Station  «veeseceeessesss 2-138
6.3.2 Water Level Gauging Station  ....cv-vevsn. 2-41
6.4 Installation Priority of Gauging Stations cesans © 242
6.5 Manner of Flood Prediction  ...ieessseascssacrsse  2-43
6.6 Effectiveness of Flood Prediction ceseacsenneses 2745
6.6.1 Accuracy of'Daily.Average'Dlscharge
Prediction in the Upper Reaches - _
from Bang Sai sessisstessrerisieansenuans 2-45
6.6.2 Accuracy of Hourly Average Water
Level Prediction for Tidal Compartment ... 2-46

- ii -



LIST OF TABLES

Page
Table 2~1.  ANNUAL MAXIMUM DISCHARGES ON CHAO PHRAYA
RIVER (OBJECT YEARS: 1978 TO 1985} .evvinnns 2-48
Table 2-2., TRANSITION OF FLOOD PEAK DISCHARGE ALONG
PING, WANG, YOM AND NAW RIVERS  .vievvsvesasnses 2-49
Table 2-3. PEAK DISCHARGES OF 1978, 1980 AND
1983 FLOODS  vuveeuisnnnsonsnonrsonsnsasnnconns 2-50
Table 2-4. HYDROLOGTIG BALANGE ~ vuevovensesnvocrsnssonsaes 2-51
Table 2-5. - RECORD OF PAN EVAPORATION  ....ivecocrincrsens 2-52
Table 2-6. COMPARISON BETWEEN HYDROLOGIC BALANCE
- AND PAN EVAPORATION DATA  cuvevnrovsnssncssnno 2-53
_ Table 2-7. CONSTANT PARAMETERS FOR BASIN - _
RUNOFF CALCULATION  4iionveioccnnnascsasecana 2-54
Table 2~8. COMPARISON OF EXTREME VALUES BETWEEN
OBSERVED AND STMULATED BASIN RUNOFF -
DISCHARGES  tuveeeesvonrerorovcrasasrrocsssnns 2~56
Table 2-9. CONSTANT PARAMETERS ASSUMED AS FLOOD
TRAVELLING TIME . ..ivevsvonesrscncnssnsasnnsn 2-57
Table 2-10. CONSTANT PARAMETERS OF STORAGE FUNCTION _
FOR SUBDIVIDED RIVER STRETCH * +veveersoseanene 2-58
Table 2-11. FLOW CAPACITY OF SUBDIVIDED RIVER CHANNELS :
(CHAOQ 'PHRAYA RIVER AND TRIBUTARIES)  ...vvnven 2-59
‘Table 2-12., COMPARISON OF OBSERVED AND SIMULATED ANNUAL
: PEAK DISCHARGES AND ANNUAL DISCHARGE VOLUME ... 2-60
Table 2-13. - EFFECTS. OF MANNING'S ROUGHNESS COEFFICIENT
o OF COMPUTED STAGE FOR TIDAL COMPARTMENT ..... 2-61
Table 2~14. CONSTANTS FOR TIDAL PREDICTION FORMULA
A‘l‘ FORTPHRA CHUL Q.-es_nluunll.-o-.-tl--o-ioos 2""62
Table 2-15. MONTHLY AND ANNUAL EXTREME VALUES
: OF TIDAL LEVEL  tiuvuevnsoeososarnacasesannnnns 2-63
Table 2-16, DIFFERENCES BETWEEN OBSERVED AND PREDICTED
- DAILY MAXIMUM TIDAL LEVEL (PREDICTED
ONE YEAR IN ADVANCE)  .evuvieiioransvsnnsannes 2-64
Table 2-17. - INVENTORY OF SELECTED WATER GAUGING ' :
STATIONS (STEP 1) qn-qc'o.--u.u---s;;o--.-q-¢-- 2"65

- iii -



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

2-18,

2-19.

2-20.

2-21.

2-22.

2-23.

2-24.

2-25.

2-26.

2-27.

2~-28.

2-29.

2-30.

2-31.

2~32.

INVENTORY OF SELECTED RAINFALL GAUGING

STATIONS (STEP 1} cresrensresanen

580 P e T A

WATER LEVEL GAUGING STATIONS TO MONITOR
AND CALIBRATE THE RIVER FLOW DISCHARGE

(STEP 1 FLOOD FORECASTING SYSTEM)

e4 8 e s 2w

WATER LEVEL GAUGING STATIONS TO INPUT THE
OBSERVED DISCHARGE AS BOUNDARY CONDITION

(STEP 1 FLOOD FORECASTING SYSTEM)

ta s s a3

POINT RAINFALL GAUGING STATIONS APPLIED TO

BASIN RUNOFF PREDICTION MODEL
({STEP 1 FLOOD FORECASTING SYSTEM)

LR IR B

ANNUAL PEAK DISCHARGE PREDICTED AT TARGET
POINT THROUGH STEP 1 FLOOD FORECASTING

SYSTEM cesrrrenne sesvsrassssansas

ONE~-DAY MAXIMUM WATER LEVEL PREDICTED FOR

TIDAL COMPARTMENT THROUGH STEP 1
FORECASTING SYSTEM savrrraaveanan

FLOOD LAG TIME i vvnvovennsonnoscessnasssansns

ANNUAL PEAK DISCHARGE AND ANNUAL DISCHARGE
VOLUME SIMULATED THROUGH VARIED POINT

RAINFALL GAUGING NETWORK teoEsaas

LR BN N BN N

INVENTORY OF POINT RAINFALL GAUGING STATIONS
SELECTED FOR STEP 2 FLOOD FORECASTING SYSTEM ..

INVENTORY OF POINT RAINFALL AND WATER LEVEL
GAUGING STATIONS SELECTED FOR STEP 2 FLOOD

FORECASTING SYSTEM sesrasvrrrraes

R N A N R

POINT RAINFALL GAUGING STATIONS APPLIED IN
BASIN RUNOFF PREDICTION MODEL (STEP 2 FLOOD

FORECASTING SYSTEM) vesserassnoes

EIERCIE IR N BN

INVENTORY OF WATER.LEVEL GAUGING STATIONS

SELEGTED FOR STEP 2 FLOOD FORECASTING SYSTEM ..

WATER LEVEL GAUGING STATIONS TO MONITOR AND

CALIBRATE THE RIVER FLOW DISCHARGE
(STEP 2 FLOOD FORECASTING SYSTEM)

LI BN SR )

WATER LEVEL GAUGING STATIONS TO.INPUT THE
OBSERVED DISCHARGE AS BOUNDARY CONDITION

(STEP 2 FLOOD FORECASTING SYSTEM) -

LR I RN A

WATER LEVEL GAUGING STATIONS TO MONITOR THE
CANAL FLOW DISCHARGE AT EXISTING REGULATOR

(STEP 2 FLOOD FORECASTING SYSTEM)

- iy -

eX F e H P D

Page

2-606

2-67

2-68

2-69

2-70

2-71

2-72

2-73

2-76

2-78

2-79.

2-81

2-83

2-84

2-85



Page

Table 2-33. INSTALLATION PRIORITY OF GAUGING STATIONS
: FOR STEP 2 FLOOD FORECASTING SYSTEM teasasans 2-86

Table 2-34, ANNUAL PEAK DISCHARGE PREDICTED AT TARGET
POINT THROUGH STEP 2 FLOOD FORECASTING
SYSTEM e I T T 2-87

Table 2-35. ONE-DAY MAXTMUM WATER LEVEL PREDRICTED FOR
TIDAL COMPARTMENT THROUGH STEP 2
FORECASTING SYSTEM e 2-88

Table 2-36. DIFFERENCES BETWEEN OBSERVED AND PREDICTED

DAILY MAXIMUM TIDAL LEVEL (PREDICTED SIX
DAYS INADVANCE) LU B R B R B LA L O O B 2_89

LIST OF FIGIURES

Page
Fig. 2-1. MONTHLY VARIATION OF AVERAGE
RAINFALL (1951~1980) * viviecvececassvaessnnens — 2=90
Fig. 2-2. MONTHLY VARIATION OF AVERAGE TEMPERATURE
AND EVAPORATION (1951"'1980) es B esssreasra s e . 2_91
Fig. 2-3. LOCATION MAP OF EXISTING RAINFALL
GAUGING STATTONS  v0vveeoeeocsvsasoracssoncnas 2-92
Fig. 2-4. LOCATION MAP OF EXISTING KEY WATER STAGE
. AND DISCHARGE GAUGING STATIONS  ...vvevvesaenss 2-93
Fig. 2-5. LOCATION MAP OF WATER LEVEL- GAUGING
STATION SELECTED FOR HYDROLOGICAL STUDY  ..... 2-94
Fig. 2-6. LOCATION MAP OF RAINFALL GAUGING STATION
SELECTED FOR HYDROLOGICAL STUDY  vuvevanseanen 2-95
Fig. 2-7. TRANSITION OF FLOOD HYDROGRAPH FROM PING,
YOM AND NAN RIVERS TO CHAO PHRAYA RIVER  ..... 2-96
Fig. 2~8. TRANSITION OF FLOOD HYDROGRAPH ON YOM RIVER .. 2-97
Fig. 2-9. TRANSITION OF FLOOD HYDROGRAPH ON NAN RIVER .. 2-98
Fig. 2-10. TRANSITION OF FLOOD HYDROGRAPH ON WANG _
’ AND PING RIVERS chrasuiTsatAc e BB s AR LA EaB A s 2-99
Fig. 2-11. DOMINANT RAINFALL AREA DURING 1978 FLOOD  .... 2-100

Fig. 2-12, DOMINANT -RAINFALL AREA DURING 1980 FLOOD v 2101



Fig,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

2-13.

2~14.,

2-15.

2-16,

2-17.

2-20.

2-21.

2-22.

2-23.

2-24,

2-25.

2-26,

2-27.

2-30.

2-31.

2-32.

DOMINANT RAINFALL AREA DURING 1983 FLOOD i

SUB—BASIN BOUNDARY

ASSUMED FOR

FLOOD PREDICTION MODEL cresssasvseanevar et rue

FLOOD INUNDATION AREA AND TIDAL COMPARTMENT

ASSUMED FCR FLOOD P

REDICTION MODEL chessrsans

FLOOD PREDICTION MODEL FOR UPPER REACHES

FROM NAKHON SAWAN

28 8 0 P e ke as A EEALNEDS

FLOOD PREDICTION MODEL FROM NAKHON

SAWAN TO BANG SAT

P ass s s arer s N s PO RR TR Y

SCHEMATIC DIAGRAM OF BASIN RUNOFF

PREDICTION MODEL

“ B U AL IE AR E AN DL B LI EREESER A

DISCHARGE HYDROGRAPH SIMULATED BY BASIN
RUNOFF PREDICTION MODEL Wesnatasserrenaiaenns

RELATIONSHIP OF RIVER CHANNEL FLOW
DISCHARGES BEFORE AND AFTER OVERBANK eneerre

DIVERSION RATIO OF

FLOOD DISCHARGE

AMONG SUBDIVIDED CHANNEL crssessssemonar e e

. RELATIONSHIP BETWEEN STORAGE VOLUME

AND DISCHARGE AT CONFLUENCE QOF PING

AND NAN RIVER ces

DISCHARGE HYDROGRAP

L N A A N N RN E RN

NON-UNIFORM FLOW CALCULATION RESULT seseneans

H SIMULATED T

RATING CURVE AT BARG SAL versreserorrr e aaas

EFFECTS OF MANNING

ROUGHNESS COEFFICIENTS

ON COMPUTED MAXIMUM WATER STAGE srrertarearon

OBSERVED AND SIMULATED WATEE LEVEL
HYDROGRAPH FOR TIDAL COMPARTMENT. ...ceesese0s

HOURLY VARIATION OF TIDAL LEVEL Cererrseesans

DAILY VARIATION OF

ONE-DAY MAXTMUM

AVERAGE ARD MINIMUM TIDAL LEVEL . sceecrvcones

HYDROLOGICAL GAUGING STATIONS (STEP 1) " ......

DISCHARGE HYDROGRAPH PREDICTED 3 DAYS

IN ADVANCE (STEP 1)

R EE IR I I I R I B A A N S AN I

DISCHARGE HYDROGRAPH PREDICTED 6 DAYS

IN ADVANCE (STEP 1)

P N N N I A N NN RN

- gi -

Page
2102
2-103
2-104
2-105
2-106
2-107
2-108
2-116
2-118
2-119
2-120

2-122

2-126
2-127

2-128

2~131

2-134

2-135
2-136

2-139



Page
Fig. 2-33. RAINFALL GAUGING POINTS COVERING EVERY ]
1000 TO 1800 SQUARE KILOMETERS e swemeesass e 2-142

Fig. 2-34. DISCHARGE HYDROGRAPHS SIMULATED THROUGH
VARIED RAINFALL GAUGING STATIONS srarreieesen 2-147

Fig. 2-35, HYDROLOGICAL GAUGING STATIONS -
FOR STEP 2 FLOOD FORECASTING SYSTEM Pessraaas 2-150

Fig. 2-36. PROPOSED RADAR SITES AND AREAS
COVERED {(STEP 2) Chrerisatarreenens 2-151

Fig. 2-37. DISCHARGE HYDROGRAPH PREDICTED
3 DAYS IN ADVANCE (STEP 2) ctsrtertranaans RN 2-152

Fig. 2--38. DISCHARGE HYDROGRAPH PREDICTED
6 DAYS IN ADVANCE {(STEP 2) ceisssraceraarraae 2-155

- yvii -






" Mai.

2. 'SUPPORTING REPORT
ON HYDROLOGY

Meteohydrological Condition in the Basin

The Chao Phraya River Basin is located in the tropical monsoon

region which has ﬁistinct dry and rainy seasons. The rainy
season is brought By the southwest mdhéoon coming from the
Indian Ocean during the period from April to October. The
monsoon is laden with high meisture content and prdvides high

values of precipitation and humidity.

During.the'raihy seasoh, tropical cyclones often oécur in the
South Pacific Ocean and move into the basin, especially in
Septembér and Oﬁtober. "Due to the tropicél cyclonic
disturb&nces, more widespread precipitétion of longer duration

can happen in the basin.

The dry season continues from November until March during
which a dry and cold air mass is brought by the northwest
monsoon  from the China mainland (refer to Fig. 2-1).
Consequently, the 'dry season provides low values of

precipitation and humidity.

The -annual rainfall in the basin varies from 1,000 mm in the
western area to 1,400 mm in the northeastern area., About 85
percent of the annual rainfall occurs during the rainy season.
During -a tropical cyclone, one day precipitation sometimes

exceeds 100 mm.

Temperature ranges from 27 to 32°C during the rainy season,
while it drops into 20 to 27°C duriﬁg the dry season (refer to
Fig. 2-2). As for the areal wvariation, the temperature is

rather uniform, except in the mountainous region around Chiang

'_,Eyapofation,in the basin is normally at its highest in April

and 'ldwest- in  August to September (refer to- Fig. 2~%Z).

According to the records of a pan evaporation gauge, the
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average monthly evaporation varies from about 100 mm to 250 mm
with annual totals of about 1,200 mm observed in the
northeastern area to 2,000 mm in the inland areas. The areal

variation in evaporation is rather small.

The river flow discharge shows a seasonal wvariation in
accordance with the aforesaid distinctive precipitation in the
rainy and dry seasons. It usuaily starts to increase in
April, and reaches its peak in either September 6r October,
when an intensive precipitation is caused by the tropical

cyclonic disturbances.

The stream gauging station at Nakhon Sawan (Sta. C2) is
regarded as a'key station to overview the flood discharges
from Ping, Yom and Nan. According to the records at rhe

station, the maximum discharge was observed after construction

of the Bhumibol and the Sirikit dams: at‘4,355 m3/s in 1975

and at 4,320 m3/s in 1980. The maximum discharges were
estimated at about 0.04 m3/s/kmZ in terms of discharge per
unit drainage area. Such a rather small discharge per unit
drainage area is due to the large retarding effects, the
extremely wide drainage area, and the gentle slope of the

basin.

The tidal compartment is.regarded approximately until Bang Sai
on the Chao Phraya River and the Rama VI Dam on Pasak River.
The mean high water and the mean low water spring tides are
approximately 2.2 m and ~1.8 m above MSL observed at the river

mouth.
Existing Hydrological Observation Network

Rainfall Observation

The rainfall observation network consists of about. 600 point
gauging stations (refer to Fig. 2-3), about half of which are
operated by RID and the other half by MD. In -additiom to

these stations, some point gauging stations are operated by



other agencies such as NEA, EGAT, PWD, etc. The gauging
stations of MD are almost equally distributed in the upper and
the lower reaches from Nakhon Sawan, whilé those of RID are
mostly installed nearby the irrigation structures and biased
to the delta areas in the lower rvreaches from Nakhon Sawan.

Consequently, although about 400 gauging stations concentrate

on the lower reaches within an area of about 50,000 km2, only

about 200'gauging stations are in the upper'reaches of about
110,000 km2,

The gauging stations equipped with telecommunication data
transmission facilities are rather scarcely distributed in the
upper reaches from Nakhon Sawan. Accordingly, difficulty is
foreseeable in the collection of gauging data within a short
period. On the other hand, telecommunication facilities are
provided to wmore than 100 gauging stations in the Iower
reaches from Nakhon Sawan. Most of them are, however, useful
for the management of irrigation water but not for the £flood

forecasting of the Chao Phraya River.

In addition to the aforesaid point rainfall gauging statioms,
MD also operates radar gauging stations at Bangkok and Chiang
Mai. - The iuformation from vradar gauges are only for
qualitative analysis of precipitation in the basin but not for

determination of quantitative areal precipitation.

Water Stage and Discharge Observation

:Théte are 224 water stage gauging stations along the Chao

Phraya River and its tributaries. Among them, 107 stations
have periodical flow discharge measurements also by using a

current weter,

"."The 'location -of all the key 'gauging stations are shown io

Fig. 2-4. The gauging stations are operated by RID, MD, PAT,
EGAT and NEA. Judging from the locations of existiﬁg'gauging
stations, 39 stations operated by RID are regarded as the key
stations to comprehend the flood runoff condition on the Chao

Phraya main channel and its major tributaries, that is, Ping,
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Wang, Yom, Nan and Pasak. Other key stations are also pointed
out to be the two stations operated by MD in the middle
reaches of the Pasak River Basin, but their discharge data
have not been provided since 1981. Tidal information is
presently provided by six stations operated by PAT in the

estuary of the Chao Phraya River Basin.

In view of the observation for flood discha;ges on the Chao
Phraya and its major tributaries, the aforesaid present
observation network is judged to have "blind spot areas"
especially in the Pasak and the Sakae Krang river basins. The
Pasak and the Sakae Krang river basins have the first and
second largest drainage areas in the lower reaches from Nakhon
Sawan, and the flood discharges in both baging are directly
drained into the Chao Phraya _River. Thus, the flood
discharges in these basins are considered to have a large
influence on the Chao Phraya River, while gauging stations are

scarcely distributed in these basins.

Telecommunication facilities are scarcely provided to the
water stage/discharge gauging stations in the upper reaches
from Nakhon Sawan and will not be useful to .forecast flood
discharges from the Ping, Wang, Yom and Nan river basins. On
the other hand, in the lower reaches from Nakhon Sawan,
telecommunication facilities are provided to numerous gauging
stations located along the irrigation canals. The observation
data from the gauging stations in the lower reaches are,
however, not effective to forecast the flood discharges on the

Chao Phraya River and its major tributaries.

Flood Runoff Characteristics

Flood runoff characteristics in the basin were examined from
the hydrological records of 1978, 1980 and 1983 to outline the
necessary flood prediction models. The past hydrological
records were collected from the existing 41 water level
gauging stations .and . 139 rainfall gauging stations, taking

into account the  hydrological significance in location and
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validity in recording length. The location of these gauging

stations are shown in Figs. 2~5 and 2-6.

As shown in Table 2-1, floods in 1978, 1980 and 1983 have the
largest.scale amonng the floods that occurred in the recent
eight years. The annual maximum discharge in the three years
run up to 3,300 m3/s at the observation poiﬁts of either

Nakhon Sawan (Sta. C2) or Chao Phraya Dam (Sta. C13) along the

Chao Phraya River, which approximately cerresponds to the flow

capacity of the Chao.?hraya River.
Flood Runoff Characteristies in the Upper Reaches

The upper reaches from Nakhon Sawan has a total drainage area
of about 110,000 km? which is roughly divided into 46,000 km?
of the Ping/Wang River Basin, 22,000 km? of the Yom River
Basin and 33,000 km? ©of the Nan River Basin. The flood
hydrographs.observed in these river basins are as shown in

Fig. 2-7.

In Yom and Nan river basins, the flood discharge hydrographs,
once steeply rising up along the upstream, tend to be leveled
and quite slowly depressed along the downstream afterwards.

Consequently, rather constant and large values of flood

‘discharge flow into the Chao Phraya River for a long duratiom.

From the HNan River, especially, the flood discharge of more
than 1,000 m3/s éonstantly run into the Chao Phraya River for
a duration of wore than 10 days. (Refer to Figs. 2-8

and 2-9.)

The above runoff characteristics may be attributed to large
retarding effects. From the observed flow discharge
conditions and the field reconnaissance, the major retardiug

areas in Yom and Nan river basins are approximately specified

_in the;reach:doﬁnstream f;om Sukhotﬁai (Sta. Y4) to Sam Ngam
~(Sta. Y17) along the Yom River, and in the vicinity of Phichit

. (Sta. NlO)_aiqng thé Naanivgr,‘

As for Ping and Wang rivers, the hydrographs 6bserved at most

gauging stations show a rather abrupt ascent and descent
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(refer to Fig. 2-10). Gertain retarding effects are found
only around the confluence between Ping and Wang rivers where
the peak flow discharges are vrather depressed (refer to
Table 2-2). The hydrographs of the Ping River are further
directly propagated to the Chao Phraya River, so that the peak
discharges at Nakhon Sawan (Sta. C2) are observed within 5
days after those observed at Sta. P7A (about 490 km upstream
from Nakhon Sawan) on the Ping River (refer to Fig. 2-7).
Thus, notable retarding effects are not seen in the ?ing River
Basin, except the area around the confluence with the Wang

River.

As shown in Figs. 2-11 to 2-13, the Ping/Wang River Basin and
the Yom/Nan River Basin teand to be. separately covered with
different occasional rainfall areas which lead to the
different occasional peak discharge flows of the Ping River
and the Yom/Nan River. The flood discharges of the Chao
Phraya River at Nakhon Sawan are formed by composing such
different oeccasional peak discharges provided from the

respective tributaries in the upper reaches.

Throughout the floods of 1978, 1980 and 1983, it is concluded
that large values of peak discharge at Nakhon Sawan will
emerge through the following runoff pattern of the Yom, Nan

and Ping rivers:

(1) Due to the dominant rainfall area, the Yom/Man River
Basin is Firstly flooded, but the flood discharge is
retarded in the lower reaches and a rather lérge flood
discharge constantly flows into the Chao Phraya River

for a rather lonrg period.

(2) Succeedingly, another occasional rainfall causes a flodd
in the Ping River. Since there is no notabie:retafding
effect in the Ping River Basin, the peak diécharge is
soon'propagaﬁed into the Chao Phraya River and added to
the aforesaid prolonged flood outflow discharges from

Yom and Nan rivers.
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3.2

Flood Rgnoff Charactevistics in the Lower Reaches

The ﬁasak and Sékée Krang river basins are the major drainage
areas for the Chao ?hrays ‘River in the '1ower"reaches from
Nakhon Sawan covering an area of about 14,400 km2 and
3,900 km?, respectively. Flood discharge from the Pasak and
the. Sakae Krang rivers is drained into the Chao Phraya River

at points nearby Ayutthaya and the Chao Phraya Dam.

As shown in Table 2—3; a considerable flood discharge is

drained Ifrom ‘the Pasak River to the Chao Phraya River,
eSpecially'in 1978 when the annual maximum digCharge of about
3,200 m3/s was recordéd on the Pasak River at Saraburi
(Sta. $9), which is nearly equal to the 3, 540 m3/s recorded on

the Chao Phraya River at Nakhon Sawan, It is noted herein

that the dominant rainfall area in the Pasak River Basin is

independent from that in the upper reaches from Nakhon Sawan
(refer to Figs. 2- 11 to 2-13). Accordlngly the date of peak
discharge on the Pasak River is not related to that on the

Chao Phraya River at Nakhon Sawan.

In the Sakde Kzang R;ver 5331n there is no key ‘stream gauging
étatlon to overview the flood runoff d1scharge totally drained
from the basin. It is, however, observed in 1983 that there
was an increase of about 1,500 m3/s of peak discharge during
the tranmsition of hydrograph from Nakhon Sawan (Sta. C2) to
Chao Phraya Dam {Sta. C13) along the Chao Phraya River (refer
to Table 2-3). Since the Sakae Krang River Basin is the major
drainage area for the Chao Phraya River between Sta. €2 and
€13, the increment of peak dLSCh&rgE is mostly attributed to
the runoff discharge from the Sakae Krang River Basin.

Considering the range of 2,000° to 4,000_m3/s in the peak

- discharge on the, Chao Phraya River, the said runoff discharge

from the Sakae Krang is regarded as a rather large value.

From the inundation maps of 1978, 1980 and 1983, it is
observed -that the large flood inundation areas extend along

the Chac Phraya River from the Chac Phraya Dam to Bang Sai and
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along the Pasak River from the Rama VI_Dam to the confluence
with the Chao Phraya River. Due to the retarding effect of
the flood inundation areas, a considerable depression of flood
discharge is expected of the funoff from the upper reaches of

either the Chao Phraya River or the Pasak River.

In the upper reaches from Bang Sai, tidal influence is nil and
daily fluctuations 1in water level/discharge are scarcely
observed. On the other hand, in the lower reaches Ffrom Bang
Sai, water level is fairly affected by tidal influence, so
that hourly water level fluctuation is distinguished,
egpecially along the downstream of the Chao Phraya River from
the river mouth to Bangkok {located about 40 to 70 km upstream

from the river mouth).
Flood Prediction Model

The Fiood Prediction Model as a Whole

As a whole, the flood prediction model is composed of four
basic mathematical models, namely, the Basin Runoff Prediction
Model, the River Channel Routing Mddei, the Flood Plain
Routing Modél and the Unsteady Flow Prediction Model. The

purposes of the four models are as follows:
(1) Basin Runoff Prediction Model

The model is used to predict runoff discharge generated

from rainfall in the respective catchment areas.
(2) River Channel Routing Model

The model is used to simulate the channel flow discharge
along the river stretches where the channel storage

function and tidal influences are regarded as nil.
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(3) " Flood Plain Routing Model

The model is used to simulate flow discharge in the
offstream flood plain areas, and to predict outflow

discharge returning to the river channel.
(4) Unsteady Flow Prediction Model

The model is used to predict hourly water level along
the estuary influenced by tidal fluctuatioqs. The model
further attaches the function of tidal prediction at the
Gulf which is given through the Harmonic Analysis. and
used as a downstream boundary condition for the model

calculation.

In consideration of the flood runoff conditions in the Chao
‘Phraya River Basin, the objectives of the Basin Runoff
Prediction Model were arranged to be the 14 subbasins in the
Ping, Wang, Yom, WNan, Pasak and Sakae Krang river basins
(refer to Fig. 2-14). As the objectives of the Flood Plain
Rouﬁing Prediction Model, féur major flood plains vere
" selected around (1) the downstream of Yom River from Sukhothai
(Sta. Y4) to Sam Ngam (Sta. ¥17), (2) the vicinity of Phitchit
(Sta. N10) along the Nan River, (3) confluence of Ping and Nan
rivers, and (4) tﬁe;dawnstream of the Chao Phraya River from
the Chao Phraya Dam (Sta. C13) to Bang Sai (Sta. 629) (refer
“to Fig. 2-15). With regard to the Unsteady Flow Prediction
Model, thé_pbjective is the estuary of the Chao Phraya River

from the river mouth to Bang Sai (refer to Fig. 2-15).

 The éYstémaéic diagram of the flood prediction model as a
whole, correspdndiﬁg to the above arrangement of basic models,
is _sh0wh_ in Figs, 2-16 and 2-17. In the flood prediction
-model as a wﬁplé, runoff discharges prédicted by the Basin
.-Rﬁnofﬁ_Prgdi;tion Model are fed as imput of inflow discharges
 er the Rivepf,Channel and Flood _Plain Routiﬁg Model.
H_Suﬁsequenply,‘ the outflow discharges simulated through the
iRiver Channel and Flood Plain Routing Models are used as the

boundary condition of the Unsteady Flow Prediction Model. The
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4.2.1

water levels along the estuary are finally predicted by the
Unsteady Flow Prediction Model with the wuse of another
boundary condition in terms of the predicted tidal fluctuation

at the Gulf.

The theoretical concepts and governing equations of the above
basic mathematical models are described in Sectious 4.2 to

4-5, together with the assumptions made and solution methods.
Basin Runoff Prediction Model
Theoretical Concepts and Governing Equations

The Four—Serial Storage Tank Model is adopted to predict the
runoff discharge generated from rainfall in the basin. In the
model, the catchment of the basin is simulated by storage
tanks having several outlet holes at their sides and bottoms,

as shown in Fig. 2-18.

Rainfall firstly enters into the upmost tank, and either runs
off through its side holes or infiltrates through its bottom
holes into the lower tank. This runoff and infiltration

process is subsequently repeated in the lower tanks.

Water assumed to be 1lost through evapo-transpiration is
subtracted from the stored water in the tanks. The
subtraction is firstly done from the storage in the upmost
tank, but if the stored water is insufficient for the
subtraction, the deficit is subtracted from the storége in the
second tank, This process is repeated in the lower tanks
until the assumed loss through evapo-transpiration is fully

deducted from the storage in the tanks.

In the model, the size of outlet holes is made smaller as the
tank is located in a lower position on the assumption that
speed of runoff and infiltration decreases as the location of

the aguifer in the basin becomes lower. Thus, the serial

‘tanks are arranged so as the runoff from:' the upmost tank

corresponds approximately to the surface flow discharge, while
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the runoffs from the second, third and fourth tanks correspond

to either the intermediate or the base flow discharge.

The discharges from each runoff and infiltration hole are

expressed in the following equations:

q(t)
()

H3

(h(t)-H}-a,

h(t)-a, (4.1)

where, q{t) : Discharge from the runoff hole (mm/day)

h(t) : Storage depth in the tank (mm)

H : Constant for the runoff hole height (mm)

51 © ' : Constant for the runoff multiplier (day™1)

i(t)  : Discharge from the infiltration hole (wm/day)
" a, ' : Constant for the infiltration multiplier

(day"l)

The equation of continuity is also assumed as below:

2(8) - q(t) - 1) = 9hlt) (4.2)

where, r(t) : Effective precipitation (mm)

"(='Actual Precipitation - Evapo-transpiration)

-Discharge of runoff [q(t)] and infiltration [i(t)] are defined
from the above simultaneous equations (4.1 and 4.2), as

followsé
It e (e) = 0

qlt) = a;.e4(ao+a1)'t “Ka
i(t) lagta )t (4.3)

i

an-e
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If v(t) # 0

0

a(t) = a, Kb- I r(t-T)re" (3% T g1 _ a

]

pual

i(t) = a, Koo I r(t-1)-¢ (80" T gr 4
0

(4.4)

where, K, and Kj are constants expressed as below.

Ka ao-al'H/(ao+all

Kb = (a +a;}"!

Equations (4.3) and (4.4) show  that the runoff q{t) and
infiltration i(t) are diminished in proportion to the
exponential funection with the index expressed by the sum of
outlet multipliers, (a, + aj). ' Similarly, in the case of a
tank having more than two runoff multipliers
(a), ap, a3, ...), the runoff q(f) and infiltration i{t) have
the diminishing coefficient expressed by exponential function

with the index of (a, + alf+ ag * veade
Features of the Model

Since the aforesaid model has non-linear characteristics, a
large number of trial and error simulation is requiréd to
determine the model constants such as multiplier and height of
runoff and infiltration holes. However, the model has the
specific features mentioned hereunder which are advaptageous
to express the runoff mechanism of the Chao Phrayé River
Basin. Accordingly, as far as the structure of ﬁhe model is
properly determined, the results of model simulation coincide

well with the observed values.

(1) Due to the arfangement of the multiplier and height of
runoff and infiltration holes in the upmost tank, the
model can well express the phenomenon of initial runoff

loss which is variable in compliance with rainfall

hystenesis.
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4.2.3

(2) The model contains plural runoff holes. Due to this
mechanism, the model can well express the sensitive
non-linear phenomena such as the increment of runoff
discharges accelerated by the increment of rainfall and
the' demission of wunoff discharges during non-rainy

days.

(3) Dbue .to the large catchment area, the major subbasins
-such as Ping, Yom, Nan and Pasak river basins cause
different occasional peak discharge flows. Hence, the

flood discharges on the Chao Phraya River are attributed

to not only surface flow but also the intermediate and

base fipw in each subbasin. The said intermediate and

" base flow are well expressed by the arrangement of

serial storage tanks in the model.

(4)  The calculations in the model can be made only by simple
arithmetic operations such as addition, subtraction and
multiplication.  Besides, the 'main ‘parameter for
calculations is set on only the storage depth in each
tank. 'Accﬁrdihély, the feedback can be easily made by
édjusting the storage depth corresponding to the

observed vélue.
VeriFication of ‘the Model

The . constant parameters for the model equations were

determined by trial simulations using the past hydrological

© records.  The items of constants are the multipliers .of each

runoff hole and infiltration hole, and the height of each

runoff hole from the bottom of the tank.

The periods of trial simulation are the typical flood years of

1978, 1980 'and '1983. Hydrological records for the simulations

"include - items ° such as - daily dverage rainfall and

evapo-transpiration as -the input data, ‘and runoff discharges

‘for the verification of the results of simulation. The daily

basin average rainfall was estimated by arithmetic mean point

rainfall,
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Daily evapo-transpiration was estimated from the observed pan
evaporation and the annual hydrological balance between the
annual total depth of rainfall and outflow discharge in a
hydrological year (from April up to March of the following
year). As shown in Table 2-4, the annual hydrological balance
in each basin is a rather constant value which is regarded
approximately ‘as the actual annual evapo-transpiration volume
in the basin. As for the pan evaporation data, both of their
monthly and annual values are also rather constant as shown ion

Table 2-5.

The ratio of the aunnual hydrological balance to the annual pan
evaporation volume is. estimated at 50 to 60% for the
respective subbasins {refer to Table 2-8§). As a result of the
estimations, the daily evapo—transpiration . depths were

determined as monthly constant valués, through the'following

equdtion:

e(t) = Empa / N x (Eapy / Egpa) S (4.5)
where, e(t) : Daily evapo-transpiration deptﬁ {mm/day)

Eypa Mohthiy pan evaporation depth (mm/month)

N : Number of days in a month

Eahy Annual hydrological balance (mm/year)

Eapa Annual pan evaporation depth {(mm/year)

Numerous trial simulations were made with the use of the above
hydrological data, assuming various values of constants until
the simulated - hydrographs . of runoff discharges were well
fitted to the observed hydrographs. . The simulation results
are shown in Fig. 2-19, while the constants . listed in

Table 2-7 are the final values adopted to the model.

By using the constants adopted, the flood discharges were also
simulated and compared with the observed values as . shown in
Table 2~8. Thus,. a good coincidence was also given -in the

comparison,



4.3

4.3.1

4.3.2

River Channel Routing Model

The model is appiied to the river stretches where the storage
function of river channels and the tidal influences are
regarded as nil. Thereby, the model 1is to express the
transition of thé river channel discharges simply by the
following two elements, namely, (1) the traveling time of
channel flow discharges, and (2) the relationship of channel
flow discharges before. and after overbanking.

3

Tfaveling Time of Channel Flow Discharge

According’ to the simulation results of the Basin Runoff
Prediction Model, it is identified in several river stretches
that thé simulated flood peak discharges are propagated toward
the downstream observation point subject to the negligible

influence of channel storage function. The propagation takes

4 rather constant traveling time regardless of the flood

occasion (refer to Table 2-8). Trom the above viewpoints, 17
river stretches were' selected through trial simulation to
arrive at a counstant traveling time. The Llocation of the
river stretches aand the traveling time assumed for each river
stretch are as shown in Fig. 2-16 and 2-17 and Table 2-9,

respectively.

Relationship of Channel Flow Discharges Before and After

Overbanking

On the basis of the trial simulation, 11 overbanking points

were assumed to . the model (refer -to Pigs. 2-16 and 2-17).

Thereby, the channel flow discharges before and after

overbanking can be expressed simply' by the linear

'ielatidnshipé, ‘as  shown in Fig. 2-20. The overbanking

"discharges are herein assumed to be either the pondage or the

offstream flood plain  flow which is ‘to be simulated by the

“Flood Plain Routing Model mentioned in Séction 4.4,



4-4

4.4.1

Flood Plain Routing Model

The model is used to predict outflow discharges from the

four (4) major flood plains specified in Sectiom 4.1.
Theoretical Concepts and Governing Equations

There is a non-linear type characteristic in the runoff
phenomena to be influenced 'by the retarding effects. To
express the characteristics, the aforesaid objective section
is divided into several storage containers, and the outflow
discharges from éach container are assumed to have the

following relationship with their corresponding storage

volumes.

s(t) = K.Q (£ + TL)P (4.6)
where, S(t) : Storage volume in one container at time t

k, p : Constants

Q(t+T1l): Outflow discharge from the container at time
(t + T1)
Ti : Lag time

The equation of continuity in each storage container is also

expressed as below:

ds(e)/de = 1{t) - Q(t + T‘l + Tlz) - | (4.7)

vhere, I(t) : Inflow discharge to the container at time t
dS(t)/dt: Differential of storage volume by time

Tiz : Apparent lag time

The outflow discharges from the container are calculated
through the above equations from the known quantities of
inflow discharges, using -a storage volume as the medium
function. The objective sections to be applied to the model
are divided 1into several 'storage containers, which are
expressed by the river stretch assuming storage function as
shown in Figs. 2-16 and 2-17. The manner of container

arrangement is described later.
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The inflow'dischérges at the upmost stream container are given
as the boundary conditions by the runoff discharges simulated
by the Basin Runoff Prediction Model and the River Channel
Routing Model.- On the basis of the boundary conditions, the
outflow discharges from the upmost stream container are
calculated through the above equations and input to the next
ddwnstreaﬁ container as “the inflow discharges. Thus, the
outflow dlscharges are repeatedly calculated in the downward
containers on the basis of the outflow discharges calculated

from the upward container.

The "section of the Chao Phraya River between the Chao Phraya
Dam and Bang Sai has the river channel network composed of
several diversion channels, as shown in Fig. 2-17. To know
the diversion ratio of the calculated outflow discharges from
the upper container, the non~uniform calculation was made on
the basis of the river channel survey results obtained in this
study period. As the results, the diversion discharges to

each channel are given, as shown in Fig; 2-21.

The constant parameters’ of "k, Yp", M"FI" and "Tlz" in the
above equation (4.6) were determined as shown in Table 2-10 on
the basis of the relationship between the outflow discharge
and its corresponding storage volume in each storage
contaiﬁéf} The s;id hydrological relationship was derived

from the folloﬁing'data.

(1) As for the storage contalner for Code No. 85 {(refer to
Fig. 2- 16) the data " are the outflow dlscharge
-hydrographs observed at Nakhon Sawan (Sta. C2) and the
simulated inflow discharges from the Ping, Yom and Nan

rivers (refer to Fig. 2-22)..

(2) ‘As for the storage containers except Code No. $5, since
the observed dlscharge hydrographs are not available,

the following data are substltuted
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4.4,2

(a) The river channel flow discharge and its
corresponding storage volume which were estimated
from the aforesaid non-uniform calculation (refer

to Fig. 2-23 and Table 2-11).

(b) The offstream flow discharge and its corresponding
storage volume in the flood plain which were
estimated from the river channel survéy results and

the topographic map on a scale of 1/150,000.

Configuration of the Model

The following points were taken into consideration for the

model shown in Figs. 2~16 and 2-17.

(1)

(2)

The Section of Yom River Between 8i Satchanalai
(Sta. Y14) and San Ngam (Sta. Y17) (Section Code Nos. Sl
and §2)

(a) Overbanking of the flood discharge is presumed to
occur in the section between Sta. Yl4 and Sta. Ya.
The overbanking discharge is expected. to return
through the flood plain area to the river channel

between Sta. Y4 and Sta. Y17.

{(b) The runoff discharge caused by local rainfall may
also flow into the river channel between Sta. Y14

and Sta. Yi7.

The Section of Nan River Bétween'Phitsanulok (STa. N3A)
and Thaphan Hin {Sta. N10A) (Section Code Nos. 83 and
54)

(a) The flood plain spreads widely eastward to Nan
River. Thereby, the runoff discharge  caused by
local rainfall flbws_intq the river channel subjeét
to the _feﬁarkable. fegulation effects thfodgh the

flood plain.

(b) Judging from the discharge hydrographs observed at
Sta. N10A, the discharges of more than 1,400 m3/sg

2-18



b.4.3

- will "overbank along this section and afterwards

return to the downstream river channel.
(3)  Confluence of Ping and Nan Rivers (Section Gode No. 85)

(a) Judging from the comparison between the observed
discharge hydrographs at Nakhon Sawan (Sta. €2) and
the simulated discharge hydrographs of Ping and Nan
rivers, it is necessary to conceive a certain
retarding effect around the junction of the Ping

River, the Nan River and the Chao Phraya River.

(b)  The retarding effect is estimated to start when the
' discharge of more than 1,100 m3/s flow down Ffrom

the Ping and Nan rivers.:

(4) The Section of Chao Phraya River Between Chai Naf
(Sta. C13) and Bang Sai (Sta. C29) (Section Code Nos. S7
‘to 522) o

(a) * Flooding conditions in this section are basically
governed by the flood discharge flowing from the
Chao Phraya Dam on the Chao Phraya River, Rama VI
Dam on the Pasak River and Phakhai Regulator on the

" Noi River. The flood discharge caused by Ilocal
rainfall is nil compared with the flood discharge

volume from the above-said points.

- (b)) The river channel network consists of several
diversion channels and the diversion ratio of flood
disbharge among these channels has much.influence
for the calculation of the flood discharge Flowing

to the lower reaches.
Features of the Model

The flood retarding simulation can be made by the wvarious

“caleulation models ‘such as' (1) Empirical Water Stage or Flood

Dischafge Correlatipn Model, (2) Muskingum Model, (3) Storage
Function Model, and (&) Unsteady Flow . Calculation Model.
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Among these models which have their individual advantages and
disadvantages, the Storage Function Model was applied due to

the following advantages:
(1} The caleculation method is not complicated.

(2) Through the modification of parameters, the method can
2asily deal with changes in runoff condition to be

caused by river improvement.

(3) In case that there is much difference between the
calculated value and the observed value at the
prediction and calibration points, medification of the
calculated value to correspond with the observed one is

easily performed.

Verification of the Model

Simulations of the past flood bhenoﬁena were'made through the
proposed Flood Plain Routing Model togethéi'.ﬁith the Basin
Runoff Prediction Model and the River Channel Routing Model,
as shown in Fig. 2-24 and Table 2-12, so as to verify the
adequacy of the model and its parameters. Judging from the
good coincidences between the simulated and observed discharge
hydrographs in all simulations, it is evaluated that the
proposed model is applicable to the prediction. It is noted
herein that the verification at Bang Sal was made only on the
basis of discharpges estimated from the rating curves in. 1970
and 1978 (refer to Fig. 2-25). ' Furthermore, since the rating
curve at Bang Sai Station has not been well arranged dué to
instability caused by tidal influence, the reliability of the
flood discharge converted from the observed water stage for
use in the verification is not so high that the adequacy of
the model is hardly identified. However, as far as the peak
discharge and its occurrence time which are not' affected so
much by tidal -influence ~are concerned, . the ééléuléted

discharge relatively well coincides with the observed one.
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Unsteady Flow Prediction Model
Theoretical Coucepts and Governing Equations

The model is developed to express the fluctuations of water
level along the estuary which are governed by the propagation
of tidal waves in the Gulf. The hydraulic propagation can be
conventionally calculated by the following unsteady free

surface equations:

Equation of Continuity:

3 . 30 _

St tx =0 (4.8)
Equation of Motion:

130 208 8H Q% . 3Hy , oH .2|Q|Q -

—EX st ¥ Ty p 80y L 0H . = (4.9)

gh ot gA® 3t gA? { ax) ax | a0

where, Q ¢ Flow discharge

- H ¢ - Water level

g Gravity acceleration
A Discharge flow area
'B Width of water surface
t time '

i Channel slope

X distance

Bydraulic radius .

n ¢ Manning's Roughness Coefficient

. The . momental water level (H) is  successively calculated

through the above equations from time to time and from the
downstream'point-upwards. In the selection of equations, it
is neéessary to set up various given conditions such as the

hydraulic dimensions of river channel, the appropriate
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Manning's Roughness Coefficient, the initial condition of
water level profile, and the boundary conditions, The

contents of the above conditions are described hereinafter.

The hydraulic dimensions of river channel is used to correlate
the water level and its corresponding hydraulic values such as
discharge flow area (A), width of water surface (B) and
hydraulic radius (R). The hydraulic dimensions were provided

with the results of the river channel survey in 1980.

In the equations, the Manning's Roughness Coefficient is the
controlling parameter of the computed water levels along the
estuary. In this connection, the appropriate value of
Manning's Roughness Coefficient is determined by simulations
using the previous hydrological records. Details of the

simulations are mentioned later,

The initial condition is given as the water level profile at
the time before starting calculations for the river stretch
from the river mouth to Bang Sai. The water level profile is
to be consecutively provided from the hourly water Ievels
observed at the stations along the estuary, so that the water

level prediction in the model can be calibrated.

The boundary conditions are givean in terms of the runoff
discharges predicted at the upmost point of the estuary énd
the tidal levels predicted at the lowest point .of the estuary;
The runoff dischérges are predicted at Bang Sai as the daily
variables by the Basin Runoff Prediction Model, the River
Channel Routing Model and the Flood Plain Routing Model. On
the other hand, the tidal levels are predicted at the Gulf of

Thailand as the hourly variables by the Harmonic Analysis.

In the Harwonic Analysis, it is assumed that tidal
fluctuations periodically occur due to attracting forces by
.the sun and the moon. On the basis of the assumption, the
hourly tidal levels are predicted by the. following equation
which is subjeect to a tidal composition of 61 harmonic

constituents;:
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h(t) = ingi sin(g%%.t + Ri) + Hgy (4.10)
where, h{g) : Tidal level at time ¢t starting from the
specified standard time {m) _

H; : Amplitude of the ith comstituent {(m)
T; : Cycle of the ith constituent (hour)
R; : Phase (delay of angle) of the ith constituent

at the specified standard time {radian)

The cycle of each constituent (T;) is a known quantity which
is given from astronomical phenomena. The constants of the
amplitude (H;) and the phase (Rj) can be determined for each
corresponding (Ti) by using the previous tidal records of a

fairly long period.
Verification of the Model

Verifications were made on the effects of the Manning's
Roughness Coefficient in the aforesaid unsteady free surface
equations, and also on the applicability of the tidal

prediction achieved by the Harmonic Analysis.

‘Effects of Manning's Roughness Coefficient

The simulation of the unsteady flow condition along the
estuary was made for the dayé when the annual maximum
discharges in 1978, 1980 and 1983 were observed at Bang Sai.

In this simulation, the boundary conditions were given from

the  daily runoff discharges observed at Bang Sai and the

hourly tidal levels at Fort Phra Chul (located about 1.0 km

" from the river mouth).

Fig. 2-26 and Table 2-13 show the ' effects ~of roughness

coefficient on the simulated water surface profiles of one-day
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maximum values along the estuary from the river mouth to Bang
Sai. As shown in Fig. 2~26, the roughness coefficient of
0.024 can generate the best coincidence between the gimulated
and observed one-day maximum wafer levels for the section from
the river mouth up to Pakred (located about 70 km from the
river mouth). It is, however, noted that the roughness
coefficient of wore than 0.026 can generate a better
coincidence at Bang Sai, the uﬁmost point of the estuary

{located about 110 km upstream of the river mouth).

The hourly water level hydrographs were also simulated at the
points of Bangkok Port and Sathu Pradit which arve located
about -27 km and 40 km upstream of the river mouth,
respectively. As shown in Figs. 2-27(1/3) and 2-27(2/3), the
hydrographs simulated by the roughness coefficient of 0.024
has the good fitness with the observed hydrographs, especially
for the part of their ascent limb. The hourly water level
hydrographs at Bang Sai a&re further simulated as shown in
Fig. 2-27(3/3), where the best fitness between the simulated
and observed hydrographs is given by the roughness coefficient

of 0.028.

As a result of the above simulatioms, the following matters

were verified:

(a) The proposed unsteady flow calculation model will enable
prediction of one-day maximum water level and 1its
occurrence time by usihg the roughneés coefficient of
0.024, at least for the river stretch from the river

mouth to Pakred which covers the Bangkok target -area.

(B) The roughness coefficient of 0.024 will aiso enable
prediction of the water level hydrograph for the river
stretch around Memorial Bridge (located.abbut-SO iﬁ'from
the river mouth}. Thereby{ better accuraqj is expected

in the prediction for the ascent limb of the hydrograph.

(¢) The results of the simulation of Bang Sai sﬁggest that

the roughness coefficient of more than 0.024 will be
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required. for the prediction along the upper stream from

the Bangkok target area.

Effects of Tidal Prediction

Table 2-14 shows Ehe constants of the amplitude and the phase
fof each correéponding cycle of constituents. The constants
were determined through Harmonic Analysis on the basis of the
tidal records at Fort Phra Chul in 1977, 1979 and 1982, and
used to predict the hourly tidal levels in the following years
of tidal recording, namely, 1978, 1980 and 1983.

By using the constants determined, the hourly tidal Ilevel
hydrographs were predicted for the days in either the month of
rainy season (October) or the month of dry season (January),
as shown in Fig. 2-28. The one—day maximum and minimum tidal
levels through a year are also predicted, as shown in

Fig. 2-29 and Table 2-15.

As the results of the above prediction, it is concluded that
there are still about 60 days in a year having the difference
of more than 30 cm in the observed and predicted one-day

maximum water level (refer to Table 2-16).

One of the reasons for the above difference is attributed to
“the metéorological tidal déviations goverﬂed b§ the wind and
air ﬁressure.' In this connection, it was attempted to reduce
‘the &iffefence through the.correlhiion énalysis based on the

following eguation:
dH(t) = Ra-dP + Kb-#2:C082x (4.11)

where, dH(t): The difference:' of tidal levels observed and
predicted by the Harmonic Analysis at time €
dp : Drop in -atmospheric pressure {(mb) '
W : Wind veiodify (m/s) |
X ¢ Angle between wind direction and coastline

Ka,Kb: * Constant parameter
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The definite values of the above constant parameters "Ka" and
"Kb", were, however, not obtained during this study period due

to the following conditions:

(1) The data of atmospheric pressure and wind were collected
from the records in 1978, 1980 and 1983. However, these
data contained rather small variations of the drop in

atmospheric pressure and wind velocity.

(2) The study was dome by using the data of wind velocity
which was recorded at the Bangkok Meteorological Office.
However, the wind condition in the gulf may be rather
different from that at the office.

From the above viewpoints, it is desirable te have a further
study on the matter of meteorological tidal deviations by
using the data recorded at the river wmouth for a longer

peried.

Step 1 Hydrological Gauging System

Hydrological observation points for use in the‘proposed flood
prediction models are selected in consideration of their
strategic location. Special attention is paid to the
selection so as to immediately set up the Step 1 Flood
Forecasting System and maintain it until the‘pybposéd Step 2
Flood Forécasting System is established. 1In this connection,

the foliowing conditions are taken into account:

(1) Availability for immediate and effective use of existing'
gauging facilities and their existing data transmission
facilities with least rehabilitation or modification;

and

(2)  Applicability of the organization operating the existing

gauging facilities.

CorreSponding1§, 31 water level gauging stations which include

a tidal gauging station and 34 rainfall gauging stations are
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5.1

selected from the gauging . stations operated by RID, the

.Meteorgological Department (MD} and the Port Authority of

Thailand (PAT). The details of the proposed gauging stations
are described hereinafter, and their inventory and location

are in Tables 2-17 and 2-18, and in Fig. 2-30.
Selection of Water Level Gauging Stations

The water level gauging points are selected in view of the

following necessities of their gauging data:

(1) To calibrate the initial conditions for the simulations

in the flood prediction models (refer to Table 2-19);

(2) To input the boundary condition in terms of rumoff
discharges observed in the upper reaches (refer to

Table 2-20};

(3) To accommodate the basic data for the tidal prediction

in the Gulf of Thailand; and

(4) To monitor the water level/discharges at the respective

- prediction points (refer to Table 2-19).

In the selection, the availability of the existing gauging
stations are considered. Priority is given to the existing
gauging - stations operated by the Hydrology Pivision of RID,
since most of the necessary gauging points are located at
these stations.. The water levels pauged by the Division are,
however, presently transmitted by mail to the RID Head Office
in - Bangkok which has to be replaced by a more suitable and
quicker data transmission wmethod useful for ¢the flood
prediction purpose. ~Furthermore, the 'existing hydrological

observation of the Hydrology Division contains blind spot

"areas in the Pasak and the Sakae Krang river basins.

In view of the blind spot areas, the two existing gauging

stations operated by the Meteorological Department are

selected for gauging in the middle reaches of the Pasak River

Basin., As for the Sakae Krang River Basin, it is proposed to
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resume the water level gauging and discharge measurement at
Sta. Ct8 previously operated by the Hydrology Division of RID,
the gauging works of which were suspended ‘since 1980. In
addition to the river flow gauging, the tidal level in the
Gulf of Thailand is further proposed to be gauged at Fort Phra
Chul which is operated by the Port Authority of Thailand.

Selection of Rainfall Gauging Stations

Raiufall gauging stations will be used to estimate the areal
average rainfall for the 12 subbasins where the Basin Runoff
Prediction Meodel is applied. It is herein noted that 14
subbasins are finally proposed as the objectives of the model
calculation in the Step 2 Flood Forecasting System, while 2
subbasins covering the catchment areas of the Bhumibol and
Sirikit dams (Basin Code No. BS-1 and BS-7) are excluded from
the objectives in the Step 1 Flood Forecasting System assuming
that the discharge released from the dams are given to the

model calculation as boundary conditions.

In the selection of the proposed gauging stations, priority is
given to the availability of the existing gauging facilities,
as well as the data transmission facilities. Correspondingly,

the stations were selected as follows (refer to Table 2-21}: .

(1) The 10 rainfall gauging stations lecated nearby the
water level gauging stations selected in the foregoing,
considering that the déta transmission facilities
employed by the water level gauging stations can be used

in common with these rainfall gauging stations; and

(2) The 18 rainfall gauging stations attached to either the
Meteorological Department or the regionai offices of RID
which are presently able to tramsmit the gauged.data to
their head offices in Bangkok within one day through

their own existing data transmission facilities. .

In the selection made above, the.rainfall gauging points could

be rather uniformly distributed in the respective subbasins,
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except the Sakae Krang River Basin. Ta make wp for the lack
of gauging stations in the Sakae Krang River Basin, six (6)
gauging points are additionally selected from the existing
gauging stations operated by the Hydrology Division of RID

which solely exist in the basin but do not possess the

‘available data transmission system. Therefore, the selected

'gaug{ng stations in the Sakae Krang River Basin are subject to

the data transmission system newly provided.
Manner of ¥lood Prediction

The results of flood prediction at the respective prediction
points are calculated in terms of either the daily average or
hourly average water levels and discharges on the basis of the

different éombinétions of the gauged data and the flood

prediction models, as described hereinafter.

Prediction of Daily Average Water Level and Discharge

The prediction of the daily average water level/runoff
discharge is to be provided to the prediction points except
Bangkok. To pé:form _tﬁe prédiction, water level and the
one-day rainfall @ata are colleéted from the hydrological
gauging stations selected in the upper reaches from Bang Sai
where the tidal influence is nil duriné the flood-season. The
hydrological data need to be simultaneously gauged once
everyday and transmitted to the Bangkok Head Office within two

days. The gauging_time is herein assumed at every 9:00 a.m.

After coiiectiﬁg the datd;_fhe géuged water level and oné*day
rainfall are-respectiveiy proceéséd to the runoff discharges
(through -rating curves) and the areal . average rainfall.
Subsequently, the runoff discharges generated from rainfall

are predicted for each subbasin through the Basin Runoff

" Prediction Model (refer to Section 4.2). Yiurther, the flood

routing calculations aleag river channels and flood plains are

‘made through the Channel Routing Model and the Flood Plain

Routing = Modél (refer to Sections 4.3 -and 4.4,

Correspondingly, the daily average runcif discharges are
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predicted in advance of the actual flood runoff occurrence at

the respective prediction points.
Prediction of Hourly Average Water lLevel

Bangkok, the first priority prediction point, is located along
the estuary of the Chao Phraya River where the hourly water
level is predicted by the Unsteady Flood Prediction Model with
special attention to the tidal Ffluctuation (refer to

Section 4.5).

In the Unsteady Flow Prediction Model, it is firsﬁ reﬁuired to
calibrate the initial condition, i.e., the water level profile
along the river stretch from the river mouth to Bang Sai at
the time before starting the model calculation. Due to the
required calibration, the hourly observed water levels are
needed. Therefore, it is proposed to record the hourly géuged
water levels by the automatic recorder at the existing four
gauging stations, namely, Fort Phra Chul, Memorial Bridge
(Sta. C4), RID Samsen Office (S8ta. Cl12) and RID Pakred Office
(Sta. €22) along the estuary. The manner of gauging is
assumed in such a way that the hourly water levels are
recorded for every 24 hours until 9:00 a.m. and transmitted to
the Bangkok' Head Office within two days. The following
boundary conditions are alsc to be provided to perform the

flood prediction,

(1) Runoff discharges at Bang Sai which are predicted as the
daily variables by the Basin Runoff Prediction Model and
the Channel Routing HModel and the Flood Plain Routing

Model mentioned befdre; and

(2) Tidal levels in the Gulf of Thailand which are predicted

as the hourly variables by the Harmonic Analysis.

In the premises of the aforesaid data collection, calibration
and boundary conditions, the hourly water level is prédicted
through the Unﬁteady Flow Prediction Model for the optional

points along the estuary of the Chao Phraya River.
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Effectiveness of Flood Prediction

The effectiveness of flood prediction was examined through
simulations using the hydrological gauging data recorded in
1978, 1980 and 1983 at the gauging stations to be selected for
Step 1 Flood Forecasting System. The simulations were carried
out subject to the 3 and 6-day advanced prediction. The 6-day
prediction approximately corresponds to the short term
prediction required of the Step 1 Flood Forecasting System.
As the results of simulations, the effectiveness was evaluated

as. described hereinafter.

Accuracy of Daily Avérage Discharge Prediction in the Upper

Reaches from Bang Sai.

The‘ flbod dischérge rhydrographs aré predicted for the
prediction points of Nakhon Sawan, Chai Nét and Ang Thong
where the observed discharge records are available, The
prediction was made through the - combination of. the Basin
Runoff Prediction Model, the Channel Routing Model. and the
Flood Plain Routing Model. The results of the prediction are
as shown in Figs. 2~31 to 2~32 and Table 2-22, In this

connection, the following evaluations are made.

(1) Prediction for Nakhon Sawan and Chai Nat

As shown in Table 2-22, the aﬁﬁual peak discharges are
predicted 6 days in advance subject te the maximum
difference of about 300 m3/s in compariéon with the
obgerved value. Considering that the difference of
300 m3/s in discharge is equivalent to a difference of
about 15 em in water level, the results of prediction is
evaluated to be rather available. Further, the 3~-day

prediction will enable to improve the results of the
6“déy predictidﬁ, especially the predicted discharges of
more than 2,b00 m3/s  (refer to Table 2~22 and
Figs. 2~31(1/3)-(2/3) and 2-32(1/3)-(2/3).
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(2) Prediction for Ang Thong

The results of prediction is evaluated to be usable for
the practical flood forecasting works as shown in
Table 2-22 and Figs. 2-31(3/3) and 2-32(3/3). It is
however noted that compared with the prediction results
of Nakhon Sawan and Chai Nat, the errors of prediction
~are vrather large. One of the causes of error is
attributed to the reliagbility of discharges observed at
Ang Thong where the period of field discharge
measurement is gquite limited. Accordingly, it 1is
necessary to accumulate more sufficient data of field
discharge measurement and further verify the

effectiveness of the proposed flood prediction model.

Accuracy of Hourly Average Water Level Prediction for Tidal

Compartment

The one-day maximum water levels were predicted through the
Unsteady Flow Prediction Model for several points along the
estuary and compared with the observed water level as shown in
Table 2-23. In this prediction, the following premises are

given:

(1) The data for prediction were set on the days when the
annual maximum discharges were observed at Bang Sai in

1978, 1980 and 1983.

() The upstream boundary ceonditions were given from the
daily average discharges predicted at Bang Sai either

3 days or 6 days in advance.

(3) The downstream boundary conditions were given from the
hourly average tidal levels which are predicted through
the Harmonic Analysis by using the preceding years tidal
records of Fort Phra Chul (located about 1.0 km upstream

from the river mouth).

The errors in the 6-day prediction ranges approximately from

10 cm to 30 ¢m and the maximum error of 30 cm occutred in the
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prediction for Sathu Pradit (located about 40 km upstream from
the river mouth} on October 21, 1978 as shown in Table 2-23,
However, in case of the 3-day prediction, the errors are

reduced to mostly within 20 cm.
Expected Flood Lag Time

By integrating the observed and simulated flood traveling time
(refer to Table 2-24), the following flood lag times are
estimated to be possible for the respective flood prediction

points.
(1) Nakhon Sawan

A term of about 8 déys is estimated as the possible
flood lag time which is governed by the flood in the

Ping River Basin.
(2} Chai Nat, Sing Buri, Lop Buri and Ang Thong

A term of about 6 days is estimated as the possible
 flood lag time which is governed by the flood in the

Sakae Krang River Basin.
{3) Ayutthaya

In the area along the downstream of Pasak River from the
Rama VI Dam, a term of about 4 days 1is expected as the
possible flood lag time which is governed by the flood
‘in the Pasak River Basin. As for the area along the
Chao Phraya River, the flood lag time of more than 10
days ‘is expected due to the retarding effects in the

upper. reaches.

_'(4) Bangkok.

In the same way as the prediction for Ayutthaya along
the Chaq'thaya River, the runoff aiséharge at Bang Sai
‘can be prédic&ed'mofe than 10 dayé‘in advance. Further,

the tidal preﬁictiqn for the Gulf of Thailand can also
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be predicted through the Harmonic Analysis about one
year in advance. Due to the said possible prediction,
the water level for Bangkok can be predicted more than

10 days in advance,
Applicability of the Proposed System

As described in Subsections 5.4.1 and 5.4.2, a rather
applicable accuracy of prediction results is expected in the
proposed Step 1 Flood Forecasting System. It is also expected
that the flood lag time at most prediction points will make it
possible to secure the time for the short term prediction
required for the Step 1 Flood TForecasting System. it is
herein noted that the short term prediction time required for
the Step 1 Flood Forecasting System is assumed to be almost
equal to 5.5 days, the minimum value required under the
present condition (refer to Sector 1 of Supporting Report,
Planning Condition). It is, however, noted that the flood lag
time at Ayutthaya is estimated at only about 4 days in case of
a flood occurring in the Pasak River Basin which does not
cover the required flood prediction time. Due to the above,
one of the major objectives in the succeeding Step 2 Flood
Forecasting System will be placed on the develoﬁment of the
measures for data collection and processing so as to shorten

the above necessary flood prediction time.

Step 2 Hydrological Gauging System

As stated in Section 5, the Step 1 gauging system is
formulated for the primary purpose of urgently providing the
flood forecasting effects subjeect to  the effecfive uée of
existing facilities, A certain improvement is, however,
required in the accuracy of the available"predictionr'time
given by the Step 1 gauging system due to the limitation on
number and coverage of ex1st1ng hydrologlcal gauging statlons.
The Step 2 gauging system is herein. formulated to increase the
accuracy_of flood prediction results and protract the flood

prediction time.
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